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The current tryptophan requirement (NRC, 1973) for pregnancy in 
swine was obtained from the nitrogen balance studies conducted by Rippel 
et al. (1965b). Easter and Baker (1977) based their estimated tryptophan 
requirement upon nitrogen balance and plasma urea values found among 
gilts fed different levels of tryptophan. Both of these trials were con­
ducted during late pregnancy and involved essentially no depletion period. 
In addition, only one or two criteria were used with a limited number of 
animals. 
Most of the studies involving evaluation of transport of tryptophan 
from the blood to brain have been done using rats as the experimental 
animals. Moreover, most of the studies that included feeding trials 
either used a tryptophan-free diet and/or a balanced diet to induce modi­




Amino Acid Fortification of Cereals 
The grim race between the growth in population and the efforts to 
maintain, much less to increase, the quantity and quality of the world's 
per capita food supply is perhaps the most critical struggle taking place 
today according to McGandy (1968). He states that one realistic avenue 
for improvement in the world's food supply is the fortification of cereals 
with the amino acids in which they are relatively deficient and that this 
practice could be immediately implemented. It seems evident that an in­
direct improvement in the world's food supply should be apparent by sup­
plementing these cereals with their limiting amino acids to enhance their 
nutritive value for consumption by meat animals. 
Dietary Essentiality of Tryptophan 
Tryptophan is one of the amino acids shown to be a dietary essential 
(Alcock, 1936). In other words, it cannot be synthesized by the animal 
at a rate sufficient to meet the metabolic needs of the animal. Rose ^  
al. (1954a) stated that the removal from the food of any one of the es­
sential amino acids induces a pronounced negative nitrogen balance and 
is accompanied by a failure in appetite, a sensation of extreme fatigue, 
and an increase in nervous irritability. With the return to the diet of 
the missing amino acid, nitrogen equilibrium is reestablished promptly 
and the subjective symptoms disappear. In contrast to these dramatic 
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effects. Rose £t (1954a) wrote that the exclusion of any one or all 
of the ten amino acids previously found to be dispensable for the grow­
ing rat exerts no demonstrable effect on nitrogen balance, nor does 
their absence induce the psychological manifestations characteristic of 
indispensable amino acid deficiencies in man. Rose eit al. (1954a) placed 
tryptophan in the indispensable group for normal young men. The ex­
clusion of tryptophan from the food is followed promptly by a pronounced 
negative nitrogen balance which is reversed by the return of the missing 
amino acid to the diet. 
In two different studies, Beeson £t al. (1948, 1949) found that 
tryptophan is an indispensable amino acid for pigs. In addition, these 
investigators formulated a semi-purified diet which was capable of pro­
ducing a rate of growth equal to that obtained on a well-balanced mixture 
of natural feedstuffs. Using nongravid adult female swine, Baker ^  al. 
(1966a) have shown that tryptophan is indispensable for maintenance in 
gilts and sows. Using the rat as a test animal. Mitchell and Block (1946) 
stated that tryptophan was indispensable in the diet of the rat. 
Although tryptophan has been classified as essential for nonruminant 
animals, the status with regard to ruminants is unresolved. Initial work 
by Loosli £t al. (1949) indicated net synthesis of all amino acids by 
rumen microorganisms. However, Plana and Piva (1969) incubated "'N 
labelled (NH^)2HP0^ with rumen contents and observed that the label 
appeared in all amino acids except tryptophan. They concluded that tryp­
tophan could only be synthesized in the rumen if nicotinic acid was fed 
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to the microorganisms at the same time as the Also, tryp­
tophan was shown to be the limiting amino acid in the utilization of 
nonprotein nitrogen by ruminants. McLaren et al. (1965) fed lambs iso-
nitrogenous diets unsupplemented or supplemented with tryptophan and/or 
methionine and found an increase in nitrogen retention with either sup­
plemented ration when compared with the urea basal ration. Supplementa­
tion with both amino acids yielded no additional advantage over supple­
mentation with either alone. 
Limiting. Amino Acid(s) in Corn 
Because of the widespread use of corn grain as a food and feedstuff, 
many studies have been conducted to determine the nutritive value of its 
protein. Truswell and Brock (1961) said that as well as being low, tryp­
tophan may be the limiting amino acid in corn for humans. Clark et al. 
(1977) indicated that the tryptophan needs of adults could be met by mixed 
cereals, even if little or no animal protein was included, unless there 
was insufficient total protein or energy in the diet or unless corn was 
the principal food source. That corn requires supplementation with both 
lysine and tryptophan is well-known according to these authors, but both 
deficits can be overcome for adults by introduction of the opaque-2 gene 
into the com plant. Mitchell and Block (1946) also found that corn 
proteins are limited in their biological utilization for the rat by a 
serious deficiency of lysine and tryptophan. 
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Working with pigs, Cardona (1968) found that lysine and tryptophan 
are most limiting in all-corn diets. He showed that lysine and tryptophan 
supplementation to a 10% protein diet yielded performance in pigs equal 
to a 12% protein diet, but that unsupplemented corn diets resulted in 
complete growth failure. Baker et al. (1969) extended the previous find­
ings and showed that corn was more limiting in tryptophan than lysine for 
the growing pig. In fact, when .25% l-lysine-HCl was added to corn for 
the growing pig in the absence of supplemental tryptophan, it resulted 
in a depression in voluntary food intake and weight gain. Gallo and 
Pond (1968) presented data from work with finishing pigs that also indi­
cated that a response from the addition of lysine to a corn diet is not 
obtained unless the diet contains supplemental tryptophan. This is note­
worthy because the reverse is true for adult female swine. Rippel £t al. 
(1965a) found that lysine was first-limiting and tryptophan second-limit-
ing in corn protein for gravid swine during late gestation Allee and 
Baker (1970) added that the first- and second-limiting amiao ids Lx 
corn protein for young adult female swine, whether gravid or nc iil, 
appear to be lysine and tryptophan, respectively. 
Symptoms of Tryptophan Deficiency 
Several eharacteristic deficiency symptoms have been associated with 
tryptophan. Beeson et (1949) described the gross symptoms of tryp­
tophan deficiency in the pig. They noticed a reduction in appetite, 
rough hair coat, severe symptoms of inanition, and frequent chewing of 
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board fences. When tryptophan was added to the diet, the deleterious 
effects on feed consumption were reversed and the animals gradually re­
turned to normal. Henry and Pastuskewska (1976) also observed depres­
sive effects on feed intake and growth performance as well as a modifi­
cation in the blood free amino acid concentration in pigs fed a tryptophan 
deficient diet. Curtis e^. al. (1932) reported a type of blindness in 
rats fed a diet deficient in tryptophan. Since then, this phenomenon has 
been elucidated. Totter and Day (1942) reported a corneal vasculariza­
tion in rats ascribed solely to a tryptophan deficiency. Albanese and 
Buschke (1942) and Albanese £t (1943b) substantiated this finding and 
added to the list of symptoms the formation of cataracts in rats defi­
cient in tryptophan. Other researchers have also indicated the presence 
of cataracts in tryptophan deficient laboratory animals (Segall and 
Timiras, 1976; Bunce and Hess, 1976; Pant e^ , 1972; Ohrloff et al., 
1975). 
Other symptoms of tryptophan deficiency were described by Alcock 
(1936) who listed weight loss, depletion of fat stores, loss of hair, 
and hardening of skin as effects of feeding a diet which is low in this 
amino acid. Totter and Day (1942) also reported loss of weight, hunch­
back, unkempt appearance, alopecia, greasy hair, and nervousness as 
additional symptoms of tryptophan deficiency. In addition to these 
deficiency symptoms, Albanese and Buschke (1942) added defective denti­
tion and testicular atrophy and aspermiogenesis. In another article 
Albanese et al. (1943a) stated that tryptophan deficiency brings about 
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hypoproteinemia and hypochromic anemia. Albanese et (1943b) described 
observations made on the effect of a tryptophan deficient diet on the re­
productive function in female rats. They showed that all the rats on the 
tryptophan deficient diet failed to cast a litter in contrast to a group 
of animals continued on the control diet. A second experiment showed 
that embryos of normal size and appearance were present on the 9th day 
after insemination, whereas by the 14th day almost complete resorption 
had occurred in the tryptophan deficient rats. 
Brown ^  (1948) described tryptophan deficiency in the chick. 
Gross symptoms included emaciation, retarded comb growth, and a rapid 
reduction in growth rate. Histological manifestations included distended 
gall bladder, lightly staining liver cells, degenerated spleen cells, 
spleen about one-fifth the size of controls, grayish-colored spleen in­
stead of normal dark red, very few erythrocytes in the spleen, edematous 
swelling of the seminiferous tubules, and decreased diameter of the 
muscle fibers. 
Segall and Timiras (1975, 1976) studied physiological aging in 
chronically tryptophan deficient rats. The age related changes in the 
thermoregulatory capacity of tryptophan deficient rats was investigated 
with the results indicating a progressive prolongation of temperature 
recovery time from young to middle age to old. Tryptophan deficient 
animals restored to a commercial diet at middle age showed the thermo­
regulatory capacity of young adults. Growth was interrupted during the 
period of tryptophan deficiency, but when animals were returned to a 
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complete diet, they gained weight and grew to normal size. Their ability 
to reproduce was extended into an older age. Other signs of delayed 
aging in the experimental group included greater longevity, as well as 
later onset in the appearance of obvious tumors, and better coat condi­
tion and hair regrowth. 
Another manifestation of tryptophan deficiency was defined in a 
review article (Nutrition Reviews, 1971) which stated that several reports 
have noted lower levels of plasma tryptophan in cases in which cardiomyo­
pathy was evident and in populations known to be susceptible to the 
disease. A controlled clinical trial showed that supplemental tryptophan 
may prevent cardiomyopathy precipitated or exacerbated by pregnancy. 
Whitehair et (1948) fed one of four diets to pigs to investigate 
the relationship between tryptophan and digestive disturbances. They 
found that wheat or oats as the basal ingredient of a ration were of 
marked value in the treatment of pigs having chronic symptoms of gastro­
enteritis. The effect was shown to be at least partly due to the lack 
of the amino acids, lysine and tryptophan, in the basal ration. Free 
tryptophan plasma values were increased when the basal ration was sup­
plemented with dl-tryptqphan. The plasma tryptophan values of pigs on 
an oats-wheat ration were about the same as those on the basal ration 
supplemented with tryptophan. 
Tryptophan and Carbohydrate Metabolism 
In a scrutiny for possible physiological relationships between 
1-tryptophan and carbohydrate metabolism, Wittman (1976) measured 
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intravenous glucose tolerance in rats fed various diets of defined 
1-tryptophan content. Within 14 days the rats fed the tryptophan de­
ficient diet removed excess glucose from their blood at a reduced rate. 
This decreased tolerance to glucose was dose dependent to dietary tryp­
tophan and the intolerance was reversed by feeding a complete diet. He 
continues by saying that the intolerance was not dependent upon dietary 
protein source, not reversed by added niacin or vitamin B6, not a neces­
sary consequence of decreased food consumption and growth, and not dupli­
cated by a lack of dietary lysine. Wittman (1976) concludes by suggest­
ing that dietary 1-tryptophan is active in physiological regulation of 
carbohydrate metabolism. 
Tryptophan and Protein Synthesis 
Many investigators have studied the effect of tryptophan deficiency 
on protein synthesis. Yokogoshi and Ashida (1975) showed that the tryp­
tophan contents of the muscle, plasma, and liver decreased rapidly in 
rats fed the tryptophan-free diet. They suggested that the greater nitro­
gen loss seen in tryptophan deficiency may be due to reduced synthesis 
of muscle resulting from the tryptophan-free diet. Naito and Kandatsu 
(1970) suggested that in tryptophan deficiency most of the protein metabo­
lism in the liver may shift rather to a more anabolic state, although 
there was some evidence that the fractional catabolic rate of these pro­
teins seemed to be decreased. In other words, the apparent half-lives 
of liver and plasma proteins were shorter in tryptophan deficient rats 
10 
than in pair-fed controls, but total liver protein was not reduced. 
Therefore, this could be due to a decreased catabolic rate and/or an in­
creased synthetic rate. In another study Naito and Kandatsu (1972) 
found no change in the apparent half-life of liver proteins from tryp­
tophan deficient rats, but observed that values of the relative specific 
activities were always higher in this group. Pamart et al. (1974) force-
fed one single meal of a tryptophan-free mixture of amino acids to protein 
deprived rats and then measured the activity of tyrosine aminotransferase. 
The tryptophan-free diet was the most potent stimulator of tyrosine amino­
transferase, but no direct correlation was found between the levels of 
free tryptophan in the liver and the extent of tyrosine aminotransferase 
stimulation. The tryptophan-free mixture induced a considerable drop in 
protein synthesis and in polysome aggregation. This drop in polysomal 
aggregation was also confirmed by Wunner £t (1966). These investi­
gators administered a complete or tryptophan deficient amino acid mixture 
to starving rats by stomach tube and then killed the animals 1 to 7 hours 
later. They noted a shift in the distribution of polysomes. The large 
aggregates were decreased and the small aggregates were increased, par­
ticularly the dimers. This polysome shift was reversed when the complete 
amino acid mixture was administered 2 hours after administering the 
tiTvptophan-free amino acid mixture. Agreement was found in a review 
article (Nutrition Reviews, 1967) which also stated that feeding an amino 
acid mixture lacking tryptophan causes a rapid increase in oligosomes in 
the liver ribosomal fraction. The rate of vitro protein synthesis of 
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these ollgosomes Is reduced compared with controls. B'ôcker ^  al. (1977) 
found that protein synthesis in livers of tryptophan deprived rats was 
impaired to about 55% of controls after only 15 days of tryptophan dep­
rivation. They also found a 40% reduction in the amount of free tryp­
tophan in livers of deprived rats when compared to controls. 
Tryptophan Metabolism 
The metabolism of tryptophan was studied in humans and animals fed 
varying dietary levels of tryptophan. For example, French and Wertz 
(1961) recorded plasma and blood cell concentration and renal excretion 
of tryptophan in human subjects under different conditions of tryptophan 
intake. Wykes et eil. (1950) found that excessive amounts of tryptophan 
in the diet caused little change in the urinary excretion of tryptophan 
as well as many other amino acids in rats. Lojkin (1967) used pregnant 
and nonpregnant rats to determine the effect of tryptophan intake on the 
conversion of tryptophan to N-methylnicotinamide and to hepatic pyridine 
nucleotide. 
Using carbon-l4-labelled compounds, Leklem et al. (1971) studied 
tryptophan metabolism in the cat while Triebwasser jet al. (1976) used 
dogs in their studies. Petkov and Baikov (1973) used 120 day old chicks to 
investigate the effect of temperature and moisture regime on the level 
of glycogen, blood sugar, and glucose-6-phosphatase in broilers at 
various levels of dietary tryptophan. The oxidation and kidney clear­
ance of d- and 1-tryptophan in chickens was explored by Nesheim et al. 
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(1974). Candlish et al. (1970a) considered tryptophan utilization by 
rumen microorganisms vitro. They found that less than 4% was associ­
ated with bacterial and protozoal populations which substantiates that 
rumen microorganisms metabolize this amino acid slowly. They stated 
that the rate of transfer of labelled tryptophan across the rumen sac 
was faster than uptake of the labelled material by rumen microorganisms. 
Candlish et (1970b) studied the vivo metabolism of tryptophan 
in the rumen. Within 3 hours after injection of tryptophan into the 
rumen of sheep, 25-70% of the free tryptophan in the rumen was absorbed. 
They stated that tryptophan appears to be absorbed from the rumen and 
reticulum at significant rates, and that the only apparent limitation to 
absorption is the concentration of tryptophan in the rumen fluid. The 
early excretion of labelled compounds in the urine and the rapid metabo­
lism of tryptophan indicated to these researchers that the body may have 
a very small circulating pool of tryptophan and rapidly excretes any 
excess. Fenderson and Bergen (1972) also used sheep to determine the 
effect of ration composition and protein level on the tryptophan content 
of plasma and of rumen microbes. Cattle were used in several studies to 
examine the variations in the patterns of excretion of the several metabo­
lites of tryptophan. Johnson (1967) and Johnson and Dyer (1968) used 
normal and tympanitic cattle to elucidate the inducibility of the tryp­
tophan pyrollase enzyme. Yang and Carlson (1972) fed high doses of carbon­
ic-labelled tryptophan to study the metabolism of tryptophan in cattle. 
They demonstrated the Importance of pathways of tryptophan degradation 
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resulting in the excretion of indole or oxindole derivatives in cattle 
and the minimal excretion of products derived from the kynurenine path­
way. Alsmeyer (1967) studied the metabolism of tryptophan in pyridoxine 
deficient swine while Hyldgaard-Jensen et al. (1976) also using swine, 
fed radioactive tryptophan to elucidate the effects of age, sex, and 
physical exercise on tryptophan metabolism and its relation to synthesis 
and function of serotonin. 
Tryptophan and Niacin 
Tryptophan has been shown to be a precursor of the vitamin niacin 
in man and in many animal species (Sarret and Goldsmith, 1947; Sarret 
and Goldsmith, 1949; Perlzweig et al., 1947; Nakagawa et al., 1973). This 
relationship is important because of the fact that niacin is mostly un­
available in maize diets (Wertz et , 1958; Harmon et , 1969). 
Although this conversion is known to occur, its exact magnitude is not 
known. Powick et (1948) reported that nicotinic acid appeared not to 
be completely effective as a substitute for tryptophan, but tryptophan 
appeared to be, in large measure at least, a satisfactory substitute for 
nicotinic acid in growing pigs. Using a niacin deficient diet fed to 
young chickens, West et (1952) produced perosis in chicks due to 
niacin deficiency. They stated that excess niacin failed to compensate 
for a deficiency of tryptophan. Conversely, excess tryptophan failed to 
compensate for a deficiency of niacin. Patterson £t (1956) disagreed 
when they anviounced that tryptophan completely compensated for a partial 
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niacin deficiency. In later work Oh et (1972) observed that tryp­
tophan partially spared dietary niacin in chicks but could not compensate 
entirely for a niacin deficiency. 
In studies with humans, it was indicated that a fraction of tryp­
tophan is normally catabolized to nicotinic acid (Brown et , 1958; 
Vivian e^ , 1966) but the question remains as to the magnitude of the 
conversion. Vivian (1964) suggested that 3.0 to 3.3% of dietary tryp­
tophan is converted to nicotinic acid irrespective of dietary status. 
Wertz et (1958) declared that the conversion is more efficient in 
the pregnant than in the nonpregnant state. Under conditions of 100% 
molar efficiency, 1.7 mg of tryptophan should furnish 1 mg of niacin. 
However, in actual practice Baker et al. (1973) designated an efficiency 
of conversion of tryptophan to niacin of about 2%. Goldsmith et 
(1961) and Horwitt et al. (1956) were in agreement when they reported that 
60 mg of tryptophan is equivalent to 1 mg of niacin, metabolically. 
Morrison e^ al. (1963) found that niacin stimulates growth when the diet 
contains suboptimal levels of tryptophan, but has no effect when the tryp­
tophan level is adequate. This is in agreement with Patterson et 
(1956) who pointed out that the requirement for niacin cannot be stated 
accurately without first giving the tryptophan content of the diet. 
Rarmon et (1969) showed that the need for niacin varied indirectly 
with the level of dietary tryptophan fed in excess of that needed for 
growth. They found that the weanling pig requires 13.2 mg of available 
niacin per kg of diet when tryptophan is fed to meet the requirement. In 
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a later study Harmon et al. (1970) confirmed this recommendation when they 
fed young swine corn based diets formulated just to meet the requirement 
for tryptophan. The addition of either .01% 1- or dl-tryptophan or 13.2 
ppm nicotinic acid significantly increased rate of gain and improved the 
gain/feed ratio of pigs compared to those fed the unsupplemented diet. 
Pant et (1972) differentiated between the two types of imbalances 
which cause growth depression. The first was caused by a metabolic lack 
of tryptophan, whereas the second was caused by a metabolic lack of 
niacin. A sequence for the preferential use of tryptophan by niacin-
tryptophan deficient rats was suggested by Chaloupka et al. (1957). Nitro­
gen equilibrium was attained at the lower levels of tryptophan supplemen­
tation, growth at intermediate levels and synthesis of blood pyridine 
nucleotides on the higher levels. In fact, these researchers supported 
the suggestion that at physiological levels, tryptophan contributes to 
pyridine nucleotide synthesis in niacin-tryptophan depleted rats to a 
greater extent than does niacin. Morrison et (1963) found that the 
concentrations of pyridine nucleotides in the blood and liver increased 
with increments of tryptophan in the diet. Powanda and Wannemacher (1970) 
fed animals which displayed a positive linear correlation between the 
level of dietary tryptophan and hepatic nicotinamide adenine nucleotide 
concentration. Ohguri (1974b) showed that the level of nicotinamide 
adenine nucleotide and total pyridine nucleotide in tryptophan and niacin 
deficient rats was decreased significantly compared with the tryptophan 
deficient niacin added group or with the control group. In a different 
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study, Ohguri (1974a) examined urinary excretion of niacin metabolites. 
He found that the excretion of xanthurenic acid decreases and the excre­
tion of N-methylnicotinamide slightly increases when tryptophan is 
deficient. 
Tryptophan and Certain Vitamins 
Tryptophan has been found to have metabolic interrelationships with 
other vitamins as well as niacin. For example, Ohguri (1974b) found an 
increase in the excretion of riboflavin when tryptophan was deficient. 
Bunce and Hess (1976) uncovered a previously unrecognized association 
between tryptophan and vitamin E relative to fetal lens development. 
Excess tryptophan added to a rachitogenic diet increased femur ash sug­
gesting a relationship of tryptophan with the production of rickets 
(Dasler, 1950). Sprince (1970) presented data which exhibited a possi­
ble balanced naturally-existing competition for vitamin B6 between 
methionine and tryptophan and he poses the question as to the possibility 
of a latent tryptophan-vitamin B6 disturbance in mental illness. 
Tryptophan and Certain Amino Acids 
Tryptophan is metabolically involved with certain individual amino 
acidse For example. Lojkin (1967) reported that glycine is effective in 
depressing tryptophan metabolism and in impairing the condition and 
viability of the fetuses in pregnant rats. Hill and Shao (1968) revealed 
the possibility of a special tryptophan-arginine interrelationship. 
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Hankes et (1949) suggested that the addition of threonine and phenyl­
alanine to a rat diet deficient in tryptophan depressed growth by 
accentuating the deficiency of tryptophan. Sprince (1970) demonstrated 
that excess dietary methionine can alter the ti&sue metabolism of trypto­
phan. Bressani (1962) used young growing dogs in a nitrogen balance study 
and found a higher nitrogen retention when the diet either contained 
both methionine and tryptophan in adequate amounts or was deficient in 
both amino acids. When a diet low in either amino acid alone and adequate 
in the other was fed, nitrogen retention was lower. Gopalin and Srikantia 
(1960) reported that an excess intake of leucine i^iduced the same bio­
chemical effect in the human and other mammals as in pellagrin, and 
that an amino acid imbalance due to an excess of leucine may be a possible 
factor in the development of pellagra. On the other hand, Truswell et al. 
(1963) did not support the suggestion that a relative excess of leucine 
in the diet played a part in the pathogenesis of pellagra. Nakagawa 
(1975) confirmed the findings of Truswell et a^. (1963), but he did note 
a marked reduction in the level of valine in the plasma when supplied 
with large amounts of leucine. Kies and Fox (1972) found that the high 
level leucine content of corn is an important factor in the relatively 
poorer nutritional performance of corn grain in comparison to wheat grain 
in human feeding trials. Lojkin (1970) supplemented a low tryptophan diet 
with 5% leucine. The results showed a depression of the values of trypto­
phan metabolites in addition to a reduction in nitrogen retention, 
impairment of fetal viability, and a small decrease in the percentage 
18 
nitrogen in the fetuses. The adverse effect of leucine supplementation 
on tryptophan and nitrogen metabolism and on fetuses was decreased but not 
completely alleviated by the addition of isoleucine and valine to the 
leucine diet. The authors clarify the situation by mentioning that this 
was probably the result of the severe amino acid imbalance of the high 
leucine diet and that the beneficial effects of isoleucine and valine are 
due to a decrease in the severity of this amino acid imbalance. 
Harper and Rogers (1966) categorized amino acid imbalances, a condi­
tion originally thought to be highly specific involving tryptophan as a 
precursor of nicotinic acid, into two groups. The first category involved 
situations in which growth retardation was caused by a supplement of the 
amino acid that was second most limiting for growth. The second category 
involved growth retardation resulting when the concentrations of all of 
the indispensable amino acids except one were increased in the diets. 
In either case Harper's definition of amino acid imbalance still applies. 
Namely, amino acid imbalance implies a situation in which growth is 
retarded in animals fed the imbalanced diet which can be corrected by 
addition of the most-limiting amino acid (Harper, 1964). Pant et al. 
(1974) utilized an imbalance of the second category when they fed 7.8% 
of an amino acid mixture devoid of tryptophan. The response involved 
an immediate metabolic need for tryptophan, the limiting amino acid. 
Conversely, Fisher et al. (1963) were not able to induce a deficiency in 
adult roosters or male college students by feeding diets suboptimal 
with respect to tryptophan. They hypothesized that their inability to 
produce an amino acid imbalance in the adult to be related, in part, to 
19 
the fact that the protein stores of the animal may serve as a cushion 
either to accommodate excess dietary amino acids or to furnish amino 
acids to balance the imbalanced ration. Fisher and Shapiro (1961) 
suggested that the term imbalance, as used in its present context, cannot 
be differentiated from an amino acid deficiency. This becomes more 
apparent, according to the authors, when one expresses amino acid 
composition or requirement as a percentage of the dietary protein level 
rather than as a percentage of the diet. Such an expression reveals that 
the addition of an imbalanced amino acid mixture dilutes the most 
limiting amino acid to the point of exaggerating an existing deficiency. 
They conclude that since the growth depression cannot be explained in 
terms of impaired food utilization, it can be related only to the reduced 
food intake. This is in agreement with Harper et al. (1964) who suggested 
that a change in amino acid pattern of the plasma may somehow be detected 
by a food intake regulating mechanism so that the animal tends to 
decrease its food intake in order to maintain homeostasis. 
The concept of reduced feed intake occurring on tryptophan deficient 
diets was evaluated as a restriction method in broiler breeder pullets 
(Powell and Gehle, 1977). The results demonstrated that birds on low 
tryptophan levels consumed less feed per bird per day but that feed 
efficiency was improved, AlsOj hen day production and hen housed 
production were reduced in those previously fed the low levels of trypto­
phan. 
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Tryptophan and Serotonin 
The food intake regulating mechanism spoken of earlier might actually 
be specifically associated with serotonin (Culley et al., 1962; Fernstrom 
and Wurtman, 1971a; Fernstrom and Wurtman, 1972; Fernstrom and Wurtman, 
1971b). Serotonin, a possible neurotransmitter (Fernstrom and Wurtman, 
1974; Garattini and Valzelli, 1965), is apparently concerned with func­
tions which include aspects of sleep (Fernstrom, 1974), hunger and 
satiety mechanisms (Tagliamonte et al., 1973; Funderburk et al., 1971), 
thermoregulation (Myers, 1968; Aprison and Hingtgen, 1972), sexual 
activity (Sjoerdsma ^  , 1970), depressive illness (Sjoerdsma et al., 
1970; Curzon, 1969; Lapin and Oxenkrug, 1969; Glassman, 1969), and 
schizophrenia (Moir and Eccleston, 1968). The initial step in the bio­
synthesis of brain serotonin.involves the 5-hydroxylation of its 
precursor amino acid, 1-tryptophan (Gal et al., 1963; Grahame-Smith, 1964), 
forming the amino acid 5-hydroxytryptophan. This compound is then 
decarboxylated producing serotonin; or 5-hydroKytryptamine = The hydrox-
ylation reaction is catalyzed by an enzyme, tryptophan hydroxylase, 
found only in serotonin producing cells. The activity of this enzyme 
in brain fractions is relatively low (Lovenberg e^ , 1968); hence, 
this enzyme could limit the rate at which the indoleamine is formed in 
vivo (Eccleston et al., 1970). However, the affinity of tryptophan 
hydroxylase for its substrate is also low and it is not saturated by its 
substrate since it has a Km much higher than the concentration of tryp­
tophan normally present in the mammalian brain ( Jequier et , 1969 ; 
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McGeer et , 1968). Therefore, the synthesis rate of brain serotonin 
should depend upon the availability of this precursor (Green et al., 
1962). The tryptophan concentration in whole brain reflects serotonin 
turnover (Tagliamonte et al., 1971; Perez-Cruet et al., 1971;). In fact, 
Carlsson et al. (1972) demonstrated in vivo that the rate at which 
tryptophan is converted to 5-hydroxytryptophan in rat brain varies 
directly with brain tryptophan concentrations. Hamon et (1974) 
disagreed, however, stating that changes in brain serotonin synthesis 
are not always associated with changes in brain tryptophan content. 
The level of brain tryptophan, in turn, depends on the availability 
of tryptophan in the blood plasma to the brain cells (Bloxam et al., 
1974). For example, five other large neutral amino acids (tyrosine, 
phenylalanine, leucine, isoleucine, and valine) are thought to compete 
with tryptophan for uptake into the brain (Blasberg and Lajtha, 1965). 
It was suggested by Fernstrom and colleagues that changes in brain 
tryptophan and serotonin following food consumption parallel the serum 
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tryptophan concentration alone (Fernstrom and Wurtman, 1972; Fernstrom 
et ^., 1973; Fernstrom et , 1975). Ashley and Anderson (1975) 
expanded this theory when they postulated that the ratio of tryptophan 
to neutral amino acids in the plasma is involved in, or reflects, a 
mechanism regulating protein intake. On the other hand, tryptophan, 
which is the only amino acid circulating in blood bound to serum 
proteins, has about 10 to 30% of its total in blood as the free form 
(McMenamy and Oncley, 1958). Correlations between the concentration of 
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the free fraction and brain tryptophan in rats have led to the idea that 
the free rather than the bound tryptophan is directly available to the 
brain (Knott and Curzon, 1972; Tagliamonte et al., 1973). The albumin 
bound fraction may thus be regarded as a storage pool, for the maintenance 
of free tryptophan availability to the tissues (Bloxam et sd., 1974) as 
the bound tryptophan is displaced from its protein binding by the 
presence of other circulating substances (Tagliamonte e^ al., 1973; 
Fernstrom £t al., 1973). 
Now, it is thought that the brain tryptophan concentration is 
controlled by a balance between the concentration of free serum trypto­
phan and of the other circulating amino acids which compete for the same 
transport mechanism from blood to brain (Biggio et , 1974). This 
theory extends and réconciliâtes the two referred to above. In other 
words, it is neither the concentration of free tryptophan in plasma nor 
the concentration of competitor amino acids in the plasma that regulates 
the uptake of tryptophan by the brain but rather a combination of the 
two. It also fully explains the changes in brain tryptophan induced 
by the tryptophan free and balanced diets that were fed to rats in 
studies by Biggio and his associates (1974). 
Zambetti and his colleagues (1975) showed that a maize diet 
selectively lowers the tryptophan and serotonin levels in the central 
nervous system. These changes were maximal as early as 48 hours after 
exposure to the maize diets. The decrease in brain serotonin was 
reversed when the maize diet was supplemented with tryptophan. They 
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concluded that a maize diet seems to be a rapid and selective means of 
reducing brain serotonin content. 
Tryptophan and Bovine Emphysema 
Oral administration of dl-tryptophan to cows caused interstitial 
pulmonary emphysema in 1 1/2 to 4 1/2 days after treatment (Carlson et al., 
1968). Duplication of the high plasma tryptophan levels in the treatment 
group were produced in other cows by injection and by infusion, but these 
cows did not develop the disease. The aberration of tryptophan 
metabolism, also called fog fever, may be associated with some change 
in rumen fermentation rather than a simple intake of abnormal amounts 
of amino acid (Mackenzie et , 1975). Monlux et (1970) revealed 
that Hereford cattle had a higher incidence of the pulmonary adenomatosis 
than Angus, Shorthorn, Jersey, or Holstein breeds when dl-tryptophan 
was administered by stomach tube at the rate of .6 g per kilogram body 
weight. Yang and Carlson (1972) identified indoleacetic acid and 
5-hydroxyindole acetic acid as two metabolites of tryptophan which have 
increased rates of excretion in the urine of steers fed high doses of 
tryptophan compared with a steer given a carrier dose. Having stated 
that indoleacetic acid can be converted to 3-methylindole, Yokoyama 
et al. (1975) indicated that 3=m6thyliridole is the causative; agent in 
tryptophan induced pulmonary edema and emphysema in cattle. 
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Dietary Tryptophan Requirement 
The dietary requirement for tryptophan has been investigated for 
various age groups in humans. The tryptophan requirement for normally 
growing babies was found to be bet^sreen 13 and 16 mg per kilogram body 
weight per day (Snyderman et , 1961). Nakagawa et al. (1960) 
established the 1-tryptophan requirement for children at .25 g per day 
on the basis of nitrogen balance studies. This value agreed perfectly 
with the findings of Rose et al. (1954b). Young et (1971) compared 
the plasma tryptophan response curve with changes in nitrogen balance 
of young adult men and suggested that a linear rise in plasma tryptophan 
concentration begins when the intake of tryptophan exceeds the minimum 
requirement level. The minimum daily requirement for tryptophan for 
young women was defined as 160 mg (Leverton et al., 1956). Also using 
nitrogen balance as the criterion, Clark et al. (1974) found no difference 
in reponse of young adult human subjects fed levels of tryptophan 
varying from 250 to 750 mg per day. 
Lewis et al. (1977a) estimated the tryptophan requirement for 
weanling rats on the basis of weight gain, feed efficiency, and changes 
in plasma levels of lysine, tryptophan, and urea. The various criteria 
yielded similar estimates and indicated a tryptophan requirement of 
approximately .15% of the diet. Nasset and Ely (1953) defined the 
tryptophan requirement for maintenance of nitrogen equilibrium in adult 
rats as 4.4 mg of 1-tryptophan per kg^^^ of body weight per day. These 
researchers demonstrated an activity of 50% for d-tryptophan in adult 
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rats when they expressed that 6.0 mg of dl- and 8.8 mg of d-tryptophan 
per kg^^^ body weight per day were the requirements for these isomers. 
West et al. (1952) stated that the tryptophan requirement of young 
chickens was adequately satisfied when the diet contained .19% tryptophan. 
Both optical isomers were utilizable to the same extent. Patterson et 
(1956) established that the tryptophan requirement for chicks was not 
more than .14% in the presence of an adequate level of niacin and not 
more than .24% in the presence of a minimal amount of niacin. 
Griminger et al. (1956) delineated a direct relationship between dietary 
tryptophan requirement and increasing protein levels in growing chicks. 
They found that when the diet contained 10, 20, 30, or 40% protein, the 
minimum requirement for tryptophan was estimated to be .09, .143, .182, 
and .20% of the diet, respectively. These authors concluded that a 
protein causing a slight tryptophan deficiency when incorporated into a 
diet at the 20% level might conceivably supply sufficient tryptophan 
for optimum growth when incorporated into the diet at a higher level. 
Boomgaardt and Baker (1971) disputed this theory when they indicated 
that the requirement for tryptophan was a direct function of dietary 
protein and that it was constant at .87% of the dietary crude protein 
over five protein levels (8.7 to 20.3% crude protein) for growing chicks. 
The tryptophan requirement of broilers during the 4 to 7 week period 
on the basis of maximum growth, optimum feed efficiency, and molted 
body feather count for males was .179, .170, and .172%, respectively, 
while for females the values were .173, .163, and .172%, respectively 
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(Hunchar and Thomas, 1976). Ingram et al. (1951) used egg production to 
arrive at .15% of the ration as the adequacy level of dietary tryptophan 
for the laying hen. Bray (1969) argued that .11% of the diet was an 
adequate dietary tryptophan level for layers. 
Bird (1950) found that turkey poults require .28% 1-tryptophan in 
the diet for optimum growth and feed efficiency to 3 weeks of age. The 
author stated that turkey poults can utilize 38.2% of the d-isomer when 
compared to the 1-isomer for efficiency of supporting growth. Kratzer 
et al. (1951) set the tryptophan requirement of young turkey poults 
at .26% of the ration when the basal ration contained gelatin and casein 
or oxidized casein. When corn gluten feed, meat scrap and gelatin 
or corn gluten feed and gelatin were used, the requirement was .23% 
and .19% respectively. D-tryptophan was approximately 30% as active 
as 1-tryptophan in promoting growth in poults. 
Most of the research work for assessment of the tryptophan require­
ment for swine has been done with early-weaned or with growing pigs. 
Gallo and Pond (1966) suggested a tryptophan level of .18 to .22% of a 
diet containing 20% protein as a minimum requirement for optimal 
performance of the 21 to 45 day old pig fed nonpurified diets. 
Expressed as a percent of the dietary protein, the tryptophan requirement 
for this age pig appears to be approximately 1%. Lewis £t (1977b) 
used plasma tryptophan and plasma urea as response criteria in addition 
to weight gain and feed efficiency to determine the tryptophan require­
ment for 3 week old pigs. Their data agreed with the previously 
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mentioned estimate fairly well: .19% to .23% of the diet was the level 
of tryptophan recommended to be included in the diet of this age pig. 
Zimmerman (1975a) found the tryptophan level and availability to be 
adequate in low protein (16%) pig starters. However, he did find a 
response to glutamic acid indicating inadequate levels of dispensable 
amino acids for the baby pig in the low protein basal diet. In another 
study Zimmerman (1975b) used the same response criteria as did Lewis 
et al. (1977b) to illustrate the tryptophan requirement for 5 to 15 kg 
pigs. He estimated the requirement to be .15% of the diet whether 
tryptophan additions to feedstuffs were from synthetic sources or from 
natural sources. 
The tryptophan requirement of growing pigs was estimated by Shelton 
et al. (1951). These investigators stated that maximum growth was 
obtained when dl-tryptophan constituted .2% or more of the diet. This 
estimate was twice as great as the .4% of the diet which they had 
earlier stated to be the adequate level of dl-tryptophan to meet the 
normal requirement of the growing pig (Beeson e^ , 1949). Becker 
et (1955) showed that growing pigs require .115% 1-tryptophan of 
a diet containing 15.3% protein. Evidence that the pig can utilize 
the d-tryptopban present in a racemic mixture was obtained but no data 
was given as to the magnitude or the utilization. Pfander and Tribble 
(1955) used practical diets of corn, soybean meal, tankage, and wheat 
shorts to obtain an estimate of 1.0% of the dietary protein as the 
requirement for tryptophan in growing pigs. Mitchell et al. (1968a) 
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used maximum nitrogen retention as the major criterion of response to 
arrive at a tryptophan requirement of .15% of the diet for growing 
pigs. Similar to what they had found with growing chickens, Boomgaardt 
and Baker (1973) found that the tryptophan requirement was a function 
of the dietary protein. Using growing pigs, they indicated that the 
minimum level of tryptophan required for maximal weight gain was .71, 
.67, and .66% of the protein at 10, 14, and 18% dietary protein, respec­
tively. When expressed as a percent of the diet, the need for tryptophan 
increased markedly from .071 to .119% as the protein level increased 
from 10 to 18%. Baker et (1971) studied the relative biological 
activities of the optical isomers of tryptophan for weanling pigs. The 
observed values were 100, 80, and 60% for 1-, dl-, and d-tryptophan, 
respectively. The requirements, expressed as a percent of the protein, 
were found to be .69% 1-, .86% dl-, or 1.15% d-tryptophan. 
Ilori and Conrad (1977) fed growing and finishing pigs either a 
basal 8.6% protein corn diet, the basal diet supplemented with one of 
two levels of lysine and one of two levels of tryptophan, or a 13% 
protein corn-soybean diet. Dietary increases of supplemental tryptophan 
increased the performance of experimental animals but not to the degree 
that the corn-soy diet did. When growing pigs whose performance was 
seriously retarded by Supplementation ox a low protein com diet with 
lysine and tryptophan were placed on the 13% protein diet during the 
finishing phase, no difference was seen in carcass traits. However, 
these pigs required 2 months longer to reach market weight in comparison 
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to pigs fed adequate protein throughout the growing and finishing phases= 
Brown et (1974) fed four finishing pigs and monitored nitrogen 
balance over four 10-day periods to determine that .059% of the diet was 
the adequate level of tryptophan for this stage of production. 
Using nongravid young adult female swine, Baker and his colleagues 
(1966b) found that the tryptophan requirement for maintenance was 5 mg 
3/4 
per kg body weight per day. In these experiments nitrogen equilibrium 
was arbitrarily defined as 1.0 g apparent nitrogen retention per day. 
Lewis and Speer (1974) studied the requirement of lactating sows for 
tryptophan using the multi-parameter approach. They found that a level 
of .072% dietary tryptophan was the minimum requirement for a mature sow 
consuming 5.45 kg per day of a 7.1% protein diet on the basis of 
nitrogen retention, milk production and composition, pig weight gain, 
and plasma essential amino acids and urea. This is equivalent to 1.0% 
of the crude protein. It was estimated that a sow nursing nine pigs 
requires .12% dietary tryptophan for optimum lactation performance-
The only two studies repc ted in the literature pertaining to the 
assessment of dietary requirements for tryptophan of gravid adult 
female swine used small number of gilts and essentially no depletion 
period and they were both conducted during late pregnancy. Thus, 
Rippel et (1965b) and Easter and Baker (1977) used nitrogen metabolism 
assays to indicate that feeding less than .07% available tryptophan 
(1.4 g/day) to gravid gilts during the last one-third of gestation 
appears unwarranted at this time. 
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The importance of tryptophan as a nutrient and its limited content 
in many of the common feed grains is apparent from this review of the 
literature. Also, it is interesting to note the number of investigations 
into all aspects of tryptophan nutrition and metabolism including work 
with so many different species. Most of the studies with swine examine 
the tryptophan requirement from weaning to market and no information is 
available on the requirement of adult female swine based on a multi­
parameter study over at least two complete reproductive cycles. This, 




The objective of this research was to determine the tryptophan 
requirement for pregnancy in swine. In addition the effect of different 
dietary levels of tryptophan on the blood-brain transport of tryptophan 
and the incidence of cataracts in adult female swine was investigated. 
The criteria used to evaluate tryptophan level responses are listed in 
table 1. 
Experimental Diets 
The basal gestation diet (table Al) consisted of ground yellow corn 
and gelatin (devoid of tryptophan) fortified with vitamins, minerals, and 
essential amino acids less tryptophan according to the requirements of 
reproducing swine as reported by NRC (1973). The amino acid composition 
of the diet is shown in table A2. It should be noted that the levels of 
isoleucine, threonine, and valine do not meet the NRC (1973) recommenda­
tions which are 7.4, 6.8, and 9.2 g per day, respectively. This is due 
to the fact that these recommendations are based on the work of Rippel 
et al. (1965a,b) without an adjustment in the feeding level. His 
recommendations as percent of the diet were based on a feed intake of 
1.82 kg per day but were retained for NRC (1973) at a 2 kg per day feed 
intake without adjustment, lihen adjusted to 2 kg per day feed intake, 
the requirements for isoleucine, threonine, and valine become 6.7, 6.2, 
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Table 1. Criteria used in the evaluation of tryptophan level responses 
Tryptophan requirement 
gestation nitrogen balance 
plasma total tryptophan (gestation) 
plasma urea nitrogen (gestation) 
number of pigs born, total and live 
litter birth weights, total and live 
weekly baby pig gains for 3 weeks 
plasma total tryptophan (lactation) 
plasma urea nitrogen (lactation) 
lactation nitrogen balance 
milk yield, total and solids 
sow weight changes 
number of corpora lutea 
number of embryos, total and live 
carcass measurements 
estimated lean weight 
Blood-brain transport 
plasma total tryptophan 
plasma free tryptophan 
plasma neutral amino acids (competitors) 
ratio of plasma free tryptophan to competitors 
ratio of plasma total tryptophan to competitors 
brain tryptophan 
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and 8.4 g per day, respectively. The compositions of the vitamin and 
trace mineral premixes are shown in tables A5 and A6, respectively. 
The basal diet was supplemented with increasing levels of 1-tryptophan 
in equal increments of .4g 1-tryptophan per sow per day. The diets were 
made isonitrogenous by additions of glutamic acid. Each sow was fed 
2.0 kg per day before mating and during her first pregnancy and 1.82 kg 
per day before mating and during her second and third pregnancies. The 
composition of the daily intake of all nutrients except energy remained 
the same from pregnancy I to pregnancy III. In effect, .18 kg of 
dextrose per day was eliminated from the daily intake fed during 
pregnancy I compared to the daily intake during pregnancies II and III. 
This adjustment in the diet was made in an effort to avoid the excess 
sow weight gains experienced during pregnancy I. 
Postpartum, all sows received a common lactation diet formulated 
to be marginal in tryptophan. The ingredient composition is shown in 
table A3. The lactation diet consisted of com, gelatin, and soybean 
meal fortified with vitamins and minerals according to the NRC (1973) 
recommendations for lactating swine. The amino acid composition of the 
diet is shown in table A4 and the compositions of the vitamin and 
trace mineral premixes are shown in table A5 and A6, respectively. 
Each sow received 4.04 kg per day during the first lactation and 4.76 
kg per day during the second lactation. The diet was fed in equal 
portions two times daily. 
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Gestation 
The data reported herein are on file in the Swine Nutrition section 
of the Animal Science Department, Iowa State University of Science and 
Technology, Ames, Iowa, and identified as Swine Experiment 7516. This 
experiment was started in November, 1975 and finished in December, 1977. 
The experimental design was a randomized block arrangement. Thus, 
twenty-five sexually mature 4-way crossbred gilts (Hampshire X Spot X 
Yorkshire X Landrace) from the Iowa State University Swine Nutrition 
Farm were allotted to the five treatments from five outcome groups 
(five littermates of similar weights per outcome group). The sows 
remained on the allotted treatment for two consecutive pregnancies and 
approximately 30 days into the third pregnancy. Analysis of data was 
conducted by the method of least squares of unequal subclass numbers 
as described by Harvey (1960). Five dietary treatments were the main 
plots and the four periods of reproduction (45 and 90 days postcoitum, 
gestation I; 45 and 90 days postcoitum, gestation II) were the subplots. 
Treatment effects were tested by the Rep X Treatment interaction 
(Error A) while periods were tested by the residual (Error B). 
The gilts used in the experiment were initially housed in open-
front pens with concrete floors. A continuous supply of water was 
available in the pens and straw bedding was supplied in cold weather. 
All gilts were fed in the morning and remained in individual feeding 
stalls until all feed was consumed. The gilts were checked twice 
daily for estrus. Each animal was started on her assigned diet when 
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estrus was observed. Starting at approximately 15 days after her first 
estrus, gilts were again checked twice daily for estrus. When estrus 
was indicated, each gilt was handmated twice daily to Hampshire X Spot 
boars until she would no longer accept the boar at which time she was 
moved to a completely enclosed environmentally-controlled brick building. 
Throughout gestation, all gilts were housed in raised crates with 
horizontal metal slats at each end and sloped concrete in the center. 
Water was supplied by gravity-fed nipple waterers. For the second and 
third reproductive cycles, each sow was returned to her originally 
assigned treatment immediately after her preceding litter was weaned at 
21 days of age. Each sow was bred on her first estrus after weaning 
and moved to the gestation facility as described above. Body weight 
was recorded at several periods of reproduction throughout the experiment. 
The gestation nitrogen balance trials were initiated on days 45 
and 90 postcoitum and were 5 days in length. These trials were conducted 
in the previously described crates equipped with a tether to restrain 
the animals. Feces were allowed to fall onto and through the slats 
at the rear of the crate. The feces were collected daily, weighed, 
stored in plastic bags, and frozen at -20°C until the 5 day collection 
was completed. At the end of the collection, the five samples 
representing daily collections were composited and a 1 kg subsample 
was dried in an oven at 55°C, allowed to air equilibrate, and weighed. 
The samples were then ground in a Wiley mill and stored in sealed glass 
containers for later analysis. 
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Urine was collected by inserting a Foley catheter, size 18, 20, or 
24, into the bladder via the urethral opening. Gilts invariably 
required the smaller size catheters and sows, the 24 gauge catheters. 
The catheter was attached to a length of Tygon tubing and allowed to 
drain into a carboy containing 40 ml of 10% HCl (1.16 N). The urine was 
measured daily and a .5% subsample taken which was stored at -20°C for 
later nitrogen analysis. 
At the conclusion of each balance trial, two heparinized blood 
samples were withdrawn from the anterior vena cava of each gilt or sow. 
The first sample was taken following approximately a 24 hour fast and 
the second 2 hours postfeeding. An 11.4 cm, 16 gauge needle attached 
to a plastic disposable syringe was used to withdraw the samples. The 
syringe dead space was filled with a heparin solution (6.49 mg/ml). 
The 45 ml blood samples were centrifuged immediately and the plasma 
was separated and placed into frozen storage. 
Lactation 
The sows were placed in raised farrowing stalls at 112 days post-
coitum but were continued on their respective diets until farrowing. 
They remained in these crates throughout the 21 day lactation. The 
sows and their litters were allowed free access to water at all times, 
but no creep feed was supplied the litter. Sow body weight was recorded 
before parturition, immediately postpartum, and weekly during lactation. 
Immediately postpartum, the total number of pigs born, number of 
pigs born alive, total litter weight, and weight of live pigs born were 
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recorded. By day 3 of lactation, litter size was adjusted to seven 
pigs for parity I and eight pigs for parity II. Litter size was main­
tained by replacing any pig that died with a pig of similar age and 
weight. The litters were weighed at 7, 14, and 21 days postpartum. 
The sows' milk yields were measured on day 14 postpartum as 
described by Lewis and Speer (1975). The pigs were weighed immediately 
before and after suckling at hourly intervals. Pigs were kept away 
from the sow between suckling periods in a heated wooden pen. Milk 
yield estimates were obtained hourly for 9 consecutive hours. The first 
3 hours were used as an adaptation period, and the values for the final 
6 hours were used to calculate the 24 hour milk yield. 
On day 15 of lactation, 4 hours postfeeding, one blood sample was 
taken and processed as described in the gestation blood sampling 
procedure. Following withdrawal of the blood sample, the 17 gauge 
needle was retained in the anterior vena cava and the blood collection 
syringe removed from the needle, A syringe containing 10 lU of oxytocin 
was attached to the needle and the contents injected. A milk sample 
was then expressed by hand. The milk was filtered, bottled, and stored 
at -20°C for later analysis. 
A nitrogen balance trial was conducted from day 15 to day 20 of 
lactation. A sheet of expanded metal at the rear of the raised farrowing 
stalls facilitated fecal collection. The feces and urine collection 
procedure was the same as previously described in the gestation section 
except that baby pig feces had to be removed from the sow feces. 
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The lactation portion of the study was analyzed as a split-plot 
experiment, as before, except that there were only two subplots, namely, 
parity I and parity II. 
Two opthalmic examinations were conducted on each sow by a veterinary 
opthalmologist. The first observation was made just prior to weaning 
of the sow's second litter and the second was made during her third 
pregnancy just before slaughter. 
Slaughter 
At 28j4 days postcoitum for the third pregnancy, all bred sows were 
stunned by electrocution at the Iowa State University Meats Laboratory 
2 hours postfeeding. Any sow failing to conceive by 50 days postweaning 
of her second litter was also killed 2 hours postfeeding. A 50 ml blood 
sample was taken immediately after the carotid artery was severed. The 
blood sample was centrifuged and the plasma was separated. Ten 
milliliters of plasma was then deproteinized immediately by addition of 
solid sulfosalicylic acid according to the method of Perry and Hansen 
(1969). The whole and deproteinized plasma were stored at -20°C until 
analysis. Immediately after scalding, dehairing, and skinning of the 
carcass, the head was removed at the atlantoaxial joint. The skull was 
then split midsagitally and the brain was expeditiously removed, weighed, 
and placed on dry ice. The reproductive tract was removed intact. 
Corpora lutea were counted on both ovaries. The uterus was opened and 
the embryos were counted to determine fertilization and implantation. 
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The hot carcass weight was recorded before chilling the carcass. On 
the day after slaughter, measurements were taken on the chilled carcass. 
Carcass length was measured from the first rib to the aitch bone. 
Carcass backfat was recorded as the mean of measurements taken at the 
1st rib, last rib, and last lumbar vertebrae. The area of the longissimus 
muscle was measured at the 10th rib by means of a grid. The estimated 
weight of the lean on each carcass was calculated using the formula of 
Fahey et (1977) . 
Supplementary Study 
Due to excessive feed wastage and inaccurate feed intake data for 
gilts and sows fed on the basal diet during gestation, an additional 
study was undertaken. Two gilts and two first litter sows were placed 
on gestation basal diets formulated to be identical to those fed during 
the complete study. Nitrogen balance studies were conducted as before 
and the sample processed and stored at -20°C as described in a previous 
section. 
Analytical 
The nitrogen content of all feed, feces, urine, and milk was 
determined by the methods of A.O.Â.C. (1975). The milk total solids 
content was determined by the method of A.O.A.C. (1975) for determining 
milk dry matter. Plasma was analyzed for urea nitrogen as described 
by Marsh et al. (1965). Plasma samples were deprcteinized with 
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trichloroacetic acid and analyzed for total tryptophan by the method of 
Lewis et (1976) using a Technicon autoanalyzer equipped with a 
fluorometer. The concentration of free tryptophan was ascertained only 
in those plasma samples taken at slaughter. A plasma ultrafiltrate was 
obtained using a pressurized Amicon ultrafiltration unit and Diaflo PM 10 
membranes as described by Bloxam et (1974). The free tryptophan 
content of the ultrafiltrate was determined in the same manner as was the 
plasma total tryptophan except the deproteinizing agent, trichloroacetic 
acid, was omitted from the reagents used. 
The large neutral amino acids which are thought to compete with 
tryptophan for transport were also determined in the plasma samples taken 
at slaughter only. The competitor amino acids were first separated from 
other plasma.constituents by an ion-exchange procedure (Adams, 1974). 
These amino acids were analyzed by gas liquid chromatography as their 
N-trifluoroacetyl n-butyl esters following a two-stage derivatization. 
The method was basically that of Gehrke ^  (1971) using commercially 
available materials and reagents. 
Feed and corn samples were hydrolyzed in sealed ampuls in an auto­
clave, filtered, and the fluorophore developed by the method of Buttery 
and Soar (1975). The tryptophan content of these samples was then deter­
mined fluorometrically using an apparatus equipped with a xenon arc lamp. 
Brain samples were homogenized using a Duall tissue homogenizer 
(Kontes Glass) and analyzed according to the procedure developed by 
Denckla and Dewey (1967) as modified by Bloxam and Warren (1974). 
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RESULTS AND DISCUSSION 
Experimental Diets 
Commenting on the methods available for the assay of tryptophan in 
proteins, Looney (1926) stated, "The multiplicity of methods proposed 
for the estimation of tryptophan and the inconsistency of the values 
given are sufficient evidence of the importance attached to the subject 
and the worthlessness of most of the methods." The concentrations of 
tryptophan in the basal ration and in the corn used in this experiment 
were assayed unsuccessfully by several methods. The assay accuracy was 
determined by relating the concentration of tryptophan in the corn to 
the content in the complete feed. Because corn was the sole source of 
tryptophan in the basal ration and because this cereal grain comprised 
50% of the diet fed during pregnancy I, the concentration of tryptophan 
in the basal ration should have been one-half the concentration in the 
corn sample. 
Skorkin and Ryadchikov (1975) stated that colorimetric methods of 
tryptophan analysis which use paradimethylaminobenzaldehyde are difficult 
for feeds with a high content of colored compounds (pigment and 
chlorophyll), ruïthemôre, Howe e£ alo (1972) said that the high 
content of carbohydrate and their degradation products produced during 
hydrolysis interfere with subsequent analysis for tryptophane This 
point is especially important since dextrose was added to the complete 
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diet in this experiment, Skorkin and Ryadchikov (1975) also found an 
interference due to gelatin when analysis was done using the xanthoprotein 
reaction. Gelatin, likewise, was used in the basal diet in this experi­
ment . 
Another method used for feed tryptophan assay in this study 
involved fluorometric analysis. Unsuccessful attempts to arrive at a 
valid tryptophan content of the basal diet were apparent using a 
fluorometer equipped with a mercury vapor lamp and using a spectrophoto­
meter adapted for fluorometry using a tungsten or deuterium lamp. 
Analytical success was finally achieved when a fluorometer equipped 
with a xenon arc lamp was used for excitation. Having a photomultiplier 
as one of its components, this apparatus was comprised of various parts 
(some available commercially and others salvaged locally) assembled 
into a workable unit. The biophysicist responsible for its assembly 
expressed no surprise when informed of the lack of success in the deter­
mination of triptophan in feed using the fluorometric lamps which were 
mentioned above with the exception of the xenon arc lamp (J. G. Foss, 
Dept. Biochem. & Biophys.. Iowa State University, personal communication, 
1978). He stated that with the other lamps, one can expect variable 
and unpredictable results. The value finally arrived at for the level 
of tryptophan in corn was .064%. 
Death Losses 
Four sows died and one aborted during the course of the experiment. 
The sow which aborted was on the fourth highest level of tryptophan fed. 
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The abortion occurred at 52 days of gestation. She was replaced by 
another sow which was started on trial in the same manner as all previous 
sows. Two sows fed the highest level of tryptophan used in this 
experiment died and were replaced by other sows. One of these 
sows died at 29 days of her first gestation, but the cause of death is 
unknown because she was too decomposed for laboratory evaluation. The 
other sow died one day after farrowing her first litter. The diagnosis 
of her death indicated a toxemia of pregnancy caused by retention of 
some products of conception. Two sows on the tryptophan deficient 
diet also died but only one was replaced» The first of these sows died 
of a twisted intestine 5 days after farrowing her first litter. She 
was replaced by another first-litter sow which was started on trial 
prior to breeding for her second reproductive cycle. The other sow 
died 4 days post-weaning her first litter. No definitive cause of death 
was determined although post-mortem examination indicated a chronic 
multifocal interstitial nephritis» Due to time limitations, this sow 
was not replaced. 
Gestation 
The summary of gestation nitrogen metabolism as affected by trypto­
phan intake is presented in figure 1 and table A7. As stated in an 
earlier section, the nitrogen metabolism data given for the sows fed 
the diet most deficient in tryptophan was from a supplementary study. 
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Figure 1. Effect of tryptophan intake on nitrogen 
metabolism during gestation 
Results of a supplementary study. 
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used because of the excessive feed wastage, and, therefore, inaccurate 
feed intake values were obtained. Rather than consume their feed, the 
tryptophan deficient sows rooted unknown amounts of their feed out of 
their troughs. The feed fell to the floor which had become wetted by 
leaking waterers. Since the feed was partially water soluble, it 
became impossible to obtain an accurate accounting of feed intake. The 
supplementary study was conducted with an emphasis on minimization of 
feed wastage. This was accomplished by feeding only a portion of the 
daily intake until it was consumed before feeding additional amounts. 
Since the corn used in the supplementary nitrogen study was higher 
in protein than that used in the original study, the nitrogen intake of 
sows was higher. The nitrogen retained by these tryptophan deficient 
sows was higher than the retention on the next level of tryptophan 
intake; however, when expressed as a percent of the nitrogen absorbed, 
the nitrogen retention increased as dietary tryptophan increased. 
Statistical analysis was performed on data from the four treatments 
constituting the higher levels of tryptophan intake. Increasing dietary 
tryptophan resulted in significant linear decreases (P<.05) in daily 
urinary nitrogen excretion and significant linear increases (P<.05) in 
daily nitrogen retention. No significant differences were found for 
daily fecal nitrogen excretion. These findings with tryptophan were 
in accordance with the previous observations of Woerman and Speer (1976) 
who found significant decreases in urinary nitrogen excretion, significant 
increases in nitrogen retention, but no significant difference in 
46 
fecal nitrogen excretion among sows fed increasing levels of dietary 
lysine. 
The effect of period of reproduction on nitrogen metabolism is 
presented in figure 2 and table A9. A significant difference among 
periods was found for fecal nitrogen (P<.05), urine nitrogen (P<.005), 
and nitrogen retained (P<.005). Nitrogen secretion via the feces 
decreased in the second pregnancy as compared to the first. Conversely, 
urinary excretion of nitrogen increased over time. The retention of 
nitrogen also decreased from the first pregnancy to the second. The 
exact reason for this difference is not known, but may be related to 
the difference in the density of the diets fed during pregnancy I as 
compared to pregnancy II. The protein and energy density of the diets 
fed during pregnancy II was greater than that of the diets fed during 
pregnancy I to compensate for the reduction in feed intake from the 
first to the second pregnancies. 
The overall nitrogen metabolism data indicate that nitrogen retention 
may be beginning to plateau after 1.84 g of tryptophan per day. At this 
level of tryptophan intake, 5.0 g of nitrogen was retained. When 3.5 g of 
nitrogen retention is estimated for the products of conception and uterine 
and mammary growth (Elsley, 1967 and Elsley, et al., 1966) and 1.0 g of 
daily nitrogen retention is estimated for maintenance (Baker et al., 
1966b), then .5 g of nitrogen retention per day remains for the growth 
and anabolism of the sows fed this level of tryptophan. 
The summaries of plasma total tryptophan and plasma urea nitrogen 
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Figure 2. Effect of period of reproduction on nitrogen 
metabolism during gestation. 
48 
1.7n 












. 8  
.7 










.64 1.04 1.44 1.84 
tryptophan intake, g/day 
2.24 














' » I ' " 1 I 
.64 1.04 1.44 1.84 2.24 
Figure 4. Effect of tryptophan intake on plasma urea 
nitrogen during gestation 
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table AlO. Plasma total tryptophan after a 24 hour fast and postfeeding 
both increased linearly (P<.005) as dietary tryptophan increased. 
According to Mitchell et (l%8b), addition of an amino acid to a 
diet deficient in that amino acid does not cause a significant increase 
in its concentration in the plasma at dietary levels less than the 
dietary need. However, when excess levels of an amino acid are present 
in the diet, plasma levels of this amino acid increase. The dietary 
tryptophan level at which plasma tryptophan increases postfeeding when 
compared to fasting concentrations is 1,44 g tryptophan per day. 
The summary of plasma tryptophan and plasma urea nitrogen as 
affected by the period of reproduction is presented in table A12. 
Plasma concentrations of tryptophan were significantly affected (P<.005) 
by the period of reproduction. The levels of tryptophan in the plasma 
decreased from the first to the second pregnancy regardless of whether 
fasting or postfeeding plasma samples were studied. Within a pregnancy 
a variable effect was noted- Hence; plasma tryptophan decreased as 
pregnancy progressed during pregnancy I, whereas the plasma levels of 
this amino acid increased as pregnancy advanced during pregnancy II 
for both bleeding times. The reason for this variation is not known. 
Plasma urea nitrogen decreased linearly (P<,005) in both the 
fasted and postfeeding plasma samples (figure 4 and table AlO), There 
was only a small difference between fasting and postfeeding plasma 
samples for plasma urea nitrogen. The ratios of the postfeeding to the 
fasting levels were approximately 1.0 regardless of dietary treatment. 
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Brown and Cline (1974) suggested that as the dietary amino acid balance 
is improved by supplementation of the first limiting amino acid, protein 
synthesis is increased and the excesses of the nonlimiting amino acids 
are thereby reduced. As a result, less nonlimiting amino acids are 
catabolized, and the amount of urea, the primary end product of amino 
acid catabolism in mammals, synthesized and excreted is decreased. These 
authors also suggested that urea concentration is minimized when the 
dietary requirement level of the first limiting amino acid is met. In 
this experiment the plateau in plasma urea nitrogen level was apparent 
at either the 1.04 or the 1.44 g per day of tryptophan intake depending 
upon whether the postfeeding or the fasting plasma samples were 
considered. A significant period effect (P<.05) was found for urea 
nitrogen in postfeeding plasma samples (table A12). No significant 
difference was evident between periods for plasma urea nitrogen in the 
fasting samples. 
Lactation 
The summary of the reproductive performance of sows as affected by 
tryptophan intake during gestation is presented in table A13<, There 
were tuo significant differences among treatments for the litter size at 
births This was true for both the total number of pigs and the number 
of live pigs born per litter. This lack of significance is not 
surprising considering previous findings. Holden et al. (1968) found 
no differences in the number of pigs farrowed by sows fed either 8, 12, 
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16, or 20% protein through four reproductive cycles. This was further 
supported by Greenhalgh e^ (1977) who fed 9, 11, 13, or 15% protein 
during gestation and found no difference in the number of pigs born or 
number born alive. In addition in neither of these two studies was 
there treatment differences for litter birth weight. In this study 
there was a linear increase (P<.01) in both the total litter weight and 
the litter weight of the live pigs from sows fed increasing levels of 
tryptophan. Sows fed 1.44 g of tryptophan per day during gestation 
farrowed heavier litters than sows fed the next highest or the two 
lower levels of tryptophan. However, sows fed the highest level of 
tryptophan (2.24 g/day) farrowed the heaviest litters when compared to 
sows fed one of the other four levels of tryptophan. No difference 
was found in litter size or litter weight of sows during the second 
parity as compared to the first. 
The number of days from weaning to estrus decreased significantly 
(linear, P<.005 and quadratic, P<.01) as the tryptophan level was 
increased. Data for this parameter were collected and pooled from two 
different parities. All sows eventually cycled after weaning their 
first litters. On the contrary three sows fed the lowest level of 
tryptophan (.64 g/day) and one sow fed 1.04 g of tryptophan per day 
failed to cycle within 50 days following weaning of their second litters. 
Fifty days postweaning was selected as the time at which any sows not 
cycling were to be slaughtered because this time period theoretically 
represents three estrus cycles. In other words using 6 to 8 days 
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postweaning as the time at which the weaning estrus should occur and 
then adding two 21 day cycles yields a 48 to 50 day period. All four of 
the sows failing to cycle within this 50 day period were given a dummy 
value of 50 days for the calculation of the days to estrus parameter. 
From the data for this parameter, it is apparent that 1,84 g of 
tryptophan per day was the optimal level fed during gestation» Sows 
fed the two lowest levels of tryptophan during pregnancy required more 
than four times longer to exhibit estrus postweaning than did the sows 
fed the level of tryptophan found to be optimal for this trait* Svajgr 
et alo (1972) reported adverse effects on subsequent reproductive 
performance of sows fed low protein diets. Anestrus, prolonged estrus 
cycle intervals, and reduced ovulation rates were evident after weaning 
sows that had been fed a 2% protein diet during pregnancy and a 5% 
protein diet during lactation as compared to a 17% protein diet fed 
during both gestation and lactation, Woerman and Speer (1976) reported 
similar effects ichen sews were fad deficient lysine levels. Ovulation 
rates were not significantly different among sows fed different levels 
of tryptophan during gestation in this experiment. Corpora lutea were 
counted in all sows including the unbred, tryptophan deficient sows. 
Interestingly, it seems that these sows were ovulating regularly but 
failed to exhibit estrus. There was a linear increase in both total 
embryos (P<,01) and live embryos (P<<,05) as the level of dietary 
tryptophan during pregnancy increased. It must be remembered that 
the results obtained from sows fed the ,64 or 1,04 g levels of daily 
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tryptophan intake were the result of four and five observations per 
treatment, respectively, with the unbred sows given a value of zero for 
these traits. The data for total and live embryos clearly indicates that 
1.84 g per day is the optimum intake of tryptophan during pregnancy 
to achieve the maximum level of fertilization during subsequent matings. 
A summary of the performance of baby pigs nursing sows which had 
been fed different levels of tryptophan during gestation is shown in 
table A16. Evaluated as average weekly weight gains per pig, the 
performance of the baby pigs increased linearly (P<.005) during lacta­
tion as the daily level of tryptophan in the diets of their mothers 
increased during gestation. This linear relationship was apparent 
for each week of the 3 week lactation period. Furthermore, the total 
lactation weight gain per baby pig increased significantly (linear, 
P<.005) as the tryptophan level fed to the sows during pregnancy 
increased. A local maximum in the average weekly weight gain was 
achieved with baby pigs nursing sows which had been fed 1.44 g of 
tryptophan per day during pregnancy. However, an overall maximum 
in this criterion was obtained with baby pigs consuming milk from sows 
fed the highest level of tryptophan in gestation. Thus, of the levels 
fed, 2.24 g of tryptophan must be regarded as the superior daily 
intake of sows during pregnancy with respect to maximization of baby pig 
performance during lactation. In the varying gestation protein study 
mentioned here earlier, Holden et (1968) noted an increase in the 
gain of the pigs from birth to weaning as the protein level in the 
diet was increased. 
55 
A summary of the reproductive performance and baby pig performance 
as affected by parity is presented in table A18. There were no 
significant differences in the number of pigs born per litter nor was 
there a difference in the litter weights when viewed on the basis of 
parity. In addition, second parity sows required no longer to attain 
postweaning estrus than they did after their first litter. No signifi­
cant difference between parities was discernible for baby pig performance 
over the 3 week lactation periods. 
The summaries of the plasma total tryptophan and plasma urea 
nitrogen of sows during lactation as affected by the tryptophan intake 
during gestation and as affected by parity are included in tables A19 
and A21, respectively. Because all sows received a common lactation 
diet, it would be expected that the plasma levels of tryptophan would 
be similar. This was the case. Hence, there were no significant 
differences in the concentrations of tryptophan in the plasma of sows 
during lactation when these sows had received different levels of 
dietary tryptophan during gestation. Even though it did not prove to 
be significant, it is interesting to note that sows fed the pregnancy 
diet most deficient in tryptophan had numerically smaller concentrations 
of plasma tryptophan during lactation while sows fed one of the other 
four levels of tryptophan during gestation supported very similar plasma 
tryptophan concentrations in the lactation period. It appears that 
these tryptophan deficient sows were utilizing the tryptophan available 
in the lactation diet to replete their protein stores which were 
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depleted during gestation. Plasma urea nitrogen levels of lactating 
sows were also not significantly affected by the amount of tryptophan 
fed during gestation. Parity had little effect on the tryptophan in 
the plasma of lactating sows. Contrarily, sows had a greater quantity 
(P<.05) of plasma urea nitrogen in parity II than they had in parity I. 
This difference was probably due to the increase in the ingestion of 
nitrogen brought about by the increase in feed intake in the second 
lactation as compared to the first. 
The summary of the nitrogen metabolism and milk yield of lactating 
sows as affected by the intake of tryptophan in gestation is shown in 
table A22 and figure 5. Nitrogen intake was significantly affected by 
pregnancy treatment (P<.05). This difference in feed intake in lactation 
was essentially due to sows fed the diet which provided 1.04 g of 
tryptophan per day. One sow fed this diet seemed to have chronic 
anorexia throughout lactation. Other sows wasted considerable amounts 
of feed. There were no differences among sows fed different levels of 
tryptophan during gestation as related to lactation excretion of urinary 
or fecal nitrogen. Sows fed 1.04 g of tryptophan per day during 
gestation retained less nitrogen in lactation than sows fed any of the 
other levels of tryptophan, although this difference was not significant. 
As illustrated in figure 5, nitrogen retention seems to parallel the 
intake of nitrogen. It should be noted that sows fed the pregnancy 
diet most deficient in tryptophan retained relatively large amounts of 
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Figure 5.  Effect of tryptophan intake during gestation on nitrogen 
metabolism during lactation 
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inherent mechanism responsible for the repletion of body protein stores 
which were dissipated during pregnancy. This relationship was also 
found to occur in lysine requirement studies. Thus, Woerman and Speer 
(1976) fed gestating sows different levels of lysine and observed that 
sows fed the lysine deficient diet during pregnancy retained the most 
nitrogen in lactation when compared to sows fed higher levels of 
lysine in gestation. 
Daily milk yield responded linearly (P<.005) to increasing trypto­
phan levels fed during gestation. When just the solids portion of the 
sows' milk was evaluated, daily milk yield demonstrated a linear (P<.005), 
a quadratic (P<.05), and a cubic (P<.05) relationship with increasing 
gestation dietary tryptophan. The nitrogen content of the milk was 
linearly (P<.005) and quadratically (P<.05) related to the amount of 
tryptophan in the sows' pregnancy diets. When the difference in 
nitrogen retention due to pregnancy treatment was expressed as nitrogen 
retention less milk nitrogen, increasing tryptophan levels resulted 
in a highly significant quadratic response. All of the milk parameters 
(milk yield, total milk solids, and milk nitrogen) exhibited a maximum 
when 1.44 g of tryptophan was fed daily during pregnancy. The 
nitrogen balance less milk nitrogen was highest at the highest pregnancy 
tryptophan level except for those sows fed .64 g of tryptophan during 
pregnancy. Because of their reduced milk production and low secretion 
of milk nitrogen, sows that had previously been fed .64 g of tryptophan 
per day retained high levels of nitrogen during lactation. 
59 
The summary of the lactation nitrogen metabolism and sow milk yield 
as affected by parity (table A24) shows a significant increase in 
nitrogen intake (P<.005) from parity I to parity II. This was the result 
of increasing the feed intake to lactating sows from the first to the 
second parities. This increase in nitrogen intake caused significant 
increases in fecal nitrogen (P<.01) and urinary nitrogen (P<.005) in 
parity II as compared to parity I. Because of the increased excretion of 
nitrogen, the increase in nitrogen intake did not create a difference 
in nitrogen retention when the two parities were compared. During 
their second lactation, the sows produced more milk per day (P<.05) 
which contained a higher content of nitrogen thereby producing an 
increase in milk nitrogen output per day (P<.005) when compared to the 
results from their first lactation. This increase in milk nitrogen 
was enough to cause a significant parity effect in overall nitrogen 
balance. Consequently, nitrogen retention less milk nitrogen decreased 
(F<.05) from parity I to parity II with lactating sows in their second 
parity being in a state of negative nitrogen balance. 
Two opthalmic investigations were conducted on each sow with the 
results demonstrating only one definite lenticular cataract. The sow 
with this posterior central subscapular opacity was fed 1.44 g of 
tryptophan per day during pregnancy. Three sows, each on a different 
pregnancy dietary treatment, had a questionable spot on the posterior 
lens capsule of one eye. The three treatments represented with this 
possible site for future cataract occurrence were the two lower levels 
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and the highest level of tryptophan fed during pregnancy. It is evident 
that the tryptophan content of the diet fed to pregnant adult female 
swine was not related to the incidence of cataracts in this experiment. 
Young animals were used in studies reported in the literature that 
showed the development of cataracts with rats (Segall and Timiras, 1976; 
Bunce and Hess, 1976) or with pigs (Cartwright et , 1945). Even 
when a tryptophan deficient diet was fed to pregnant female rats, it 
was the newborn young that were examined and not the adults (Bunce and 
Hess, 1976). 
Sow Weight Changes 
The summary of sow weight changes as affected by tryptophan intake 
is shown in table A25. The gross gestation weight gain which represents 
the prepartum weight minus the weight at mating responded linearly 
(P<.005) and quadratically (P<.005) to gestation dietary tryptophan. 
This same type of significance was evident when gestation weight gain 
was expressed as a net gain. In other words, when the sow weights at 
mating were subtracted from the weights taken immediately postpartum, 
the weight changes were related linearly (P<.005) and quadratically 
(P<.005) to the levels of tryptophan fed during pregnancy. Sows fed 
1.44 g of tryptophan per day gained more weight during pregnancy than 
sows fed either of the other levels indicating that this level is optimal 
for the gestation weight gain. Sow weight changes during lactation were 
related to pregnancy tryptophan intake as a cubic response (P<.05). 
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Sows fed the basal gestation diet tended to show the least weight loss 
during the 3 week lactation period. This result was expected with 
knowledge of the positive lactation nitrogen balance expressed by sows 
fed this low tryptophan diet. 
When sow weight changes were analyzed on the basis of parity 
(table A27), a significant decrease was seen in gross gestation gain 
(P<.005) and in net gestation gain (P<.01) from parity I to parity II. 
This decrease was expected since feed intake was reduced from parity I 
to parity II. Lactation weight loss was less (P<.01) during parity II 
than it was in parity I. This was likely related to the increase in 
feed intake which occurred in the second lactation as compared to the 
first. 
Statistical analysis was conducted on the effect of dietary trypto­
phan on sow weight changes over the total experiment from the time the 
sows were initially allotted until slaughter. This analysis established 
a linear (P<.005) and a quadratic (P<.05) relationship of sow weight 
gain over the total experiment with dietary tryptophan intake during 
the gestation and prebreeding periods. Sows fed the basal diet lost 
relatively large amounts of weight over the entire experimental period. 
The pregnancy dietary tryptophan level which was responsible for the 
greatest gains over the whole experiment was the 1.44 g per day treatment. 
Sow Carcass Evaluation 
A summary of the carcass measurements of sows as affected by their 
intake of tryptophan during pregnancy is shown in table A28. The weight 
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of the sows just before slaughter responded linearly (P<.005) and 
quadratically (P<.005) as the tryptophan content of the pregnancy diet 
was increased. The maximum live weight was achieved with sows fed 1.44 g 
of tryptophan per day during pregnancy. The weight of the hot carcasses 
also responded linearly (P<.005) and quadratically (P<.01) to dietary 
tryptophan levels. The hot carcass weight increased rapidly as the 
tryptophan content of the pregnancy diet increased from .64 to 1.44 g 
per day. However, there was only a very small increase in carcass 
weight as daily tryptophan intake increased from 1.44 to 2.24 g. It is 
interesting to note that carcass yield, represented by the ratio of hot 
carcass weight to live weight, differed an amount greater than 8% as 
the level of tryptophan in the gestation diet was varied. The area of 
the longissimus muscles of the carcasses increased linearly (P<.005) 
as the tryptophan concentration of the diet fed during pregnancy 
increased. No optimum level of tryptophan intake could be identified 
for this carcass trait which might still have been increasing at the 
highest level of tryptophan fed. The maximum loineye areas measured, 
however, were on the carcasses of sows fed the 2.24 g level of pregnancy 
tryptophan intake. Carcass backfat values demonstrated a linear 
(P<.005) and quadratic (P<.05) association with the amount of tryptophan 
the sow ingested in gestation. However, no optimum could be identified 
for this carcass trait as neither the leanest nor the fattest carcass 
could be labelled the most desirable in this case. A highly significant 
treatment effect on carcass length was evident as a linear (P<.005) and 
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quadratic (P<.005) relationship with pregnancy tryptophan intake. 
Carcass length was maximized in those sows which consumed 1.44 g of 
tryptophan per day when in a gravid state. The lean weights of the 
carcasses were estimated with full recognition of the fact that the formula 
used was developed for growing pigs and may not be applicable for adult 
animals. The relative values estimated for the lean weight of the 
carcasses increased linearly (P<.005) as the levels of tryptophan in 
the gestation diet increased. A maximum for this estimate was achieved 
with the 2.24 g per day level of tryptophan intake although there was 
little variation in this parameter over the three highest levels of 
tryptophan fed during pregnancy. 
Tryptophan Requirement for Pregnancy 
The summary of the optimum dietary tryptophan levels for reproduc­
tion is presented in table 2. Considering all of the criteria, it 
seems that 1.44 g of tryptophan per day satisfies most of the metabolic 
needs of the gravid gilt or sow. The requirement is probably no lower 
than this level of tryptophan intake. Plasma levels of total tryptophan, 
all of the milk parameters, most of the sow weight changes, and most 
of the carcass measurements were maximized at the intermediate level of 
tryptophan intake during pregnancy. The next higher dietary tryptophan 
treatment, 1.84 g per day, was adequate for nitrogen retention during 
gestation, days to estrus, and fertilization and implantation. The 
pregnancy diet which contained 2.24 g of tryptophan per day supported 
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Table 2. Estimate of the tryptophan requirement for reproduction 
determined from optimum criteria 
Optimum 
tryptophan 
Item level, g/day 
Nitrogen retention (gestation) 1.84 
Plasma tryptophan 1.44 
Plasma urea 1.04 
Total litter weight 2.24 
Litter weight, live pigs 2.24 
Days to estrus 1.84 
Total embryos 1.84 
Live embryos 1.84 
Baby pig performance 2.24 
Milk yield 1.44 
Total milk solids 1.44 
Milk nitrogen 1.44 
Nitrogen balance (lactation) 2.24 
Gross gestation weight gain 1.44 
Net gestation weight gain 1.44 
Lactation weight gain 1,84 
Sow weight gain (total exp.) 1.44 
Maximum live weight (slaughter) 1.44 
Hot carcass weight 1.44 
Loin eye area 2.24 
Carcass length 1.44 
Estimated lean weight 2.24 
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the heaviest litters, the highest baby pig weight gains during lactation, 
the optimum lactation nitrogen balance, and the maximum loineye areas 
and estimated lean weights of the carcasses. 
It should be noted that for many of the criteria for which the two 
highest levels of tryptophan intake were optimal, there was a sharp 
improvement in the particular response up to the 1.44 g per day diet 
concentration; however, at the higher levels of tryptophan intake, the 
improvement was not as great and in some cases negligible. This is 
exemplified by the longissimus muscle area measurement of the carcasses. 
The loineye size of carcasses of sows fed 1.44 g of tryptophan per day 
was much better than that of carcasses from sows fed lower levels of 
tryptophan during pregnancy. However, the loineye area was not much 
greater for sows fed the higher levels of tryptophan when compared to 
sows fed the intermediate quantity of dietary tryptophan during 
pregnancy. 
To establish the tryptophan requirement using natural feedstuffS; 
the availability of tryptophan in those feedstuffs must be known. 
Easter and Baker (1977) stated that tryptophan is 60 to 70% available 
in a corn-soy diet. Rivera L. et al. (1976) found that tryptophan 
was 70% available in corn based upon rate of body weight gain or 
77% when feed efficiency was the response criterion. An inaccurate 
tryptophan analysis can lead to an over- or under-estimation of the 
tryptophan availability. Rivera L. £t al. (1976) used .10% as the 
concentration of tryptophan in com. This relatively high value is 
probably the result of an overestimation due to the type of fluorometric 
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analysis used. When the availability of tryptophan is recalculated 
using .07% as the tryptophan content of corn, the availability nears 
100%. Eggum (1973) lists digestibility figures for many protein feeds 
and for their constituent amino acids. However, in the list for maize, 
no value is given for tryptophan. For the other 16 amino acids for 
which values are given, the digestibilities ranged from 88.5 to 96.8%. 
Until more accurate techniques for the assay of tryptophan are found, 
it seems that 90% is a realistic value for the availability of 
tryptophan in corn. 
If it is assumed that the added 1-tryptophan was 100% digestible 
and that tryptophan in corn was 90% available, the tryptophan requirement 
for reproduction would increase from 1.44 g per day to 1.52 g per day 
based upon the diet composition in this experiment. Using a feed 
intake during pregnancy of 2 kg, 1.52 g per day requirement becomes 
.076% of the pregnancy diet. This agrees with the findings of Easter 
and Baker (1977). They stated that feeding less than .07% tryptophan 
to gravid gilts appears to be unwarranted. However, they used totally 
available synthetic tryptophan in their study. When this level of 
tryptophan intake is adjusted to 90% availability as for natural 
ingredients, their recommendation becomes .077%. 
Blood-Brain Transport of Tryptophan 
Some of the factors that influence the transport of tryptophan from 
blood to brain as affected by tryptophan intake were measured in this 
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experiment and are presented in table A30. Composed of a free and an 
albumin-bound form, plasma total tryptophan increased linearly (P<.005) 
as dietary tryptophan was increased during gestation. The free form of 
plasma tryptophan was also responsive (linear, P<.005 and quadratic, 
P<.01) to different levels of tryptophan ingestion during pregnancy. 
These results agreed reasonably with Biggio et al. (1974) who found that 
it is possible to produce a marked depletion of total and free tryptophan 
in serum after feeding rats a diet lacking tryptophan. In the present 
experiment plasma free tryptophan was not affected by dietary treatment 
until excess tryptophan was included in the daily intake. It seems that 
as more tryptophan is included in the diet, the plasma concentration 
of the albumin-bound tryptophan is increased to a maximum level. As 
this threshold level is reached, the content of the free form in the 
plasma begins to rise. The ratio of plasma free to total tryptophan 
indicates that between 8.4 and 26.1% of the tryptophan in plasma is in 
the free form, McMenamy and Oncley (1958) found that about 10 to 30% 
was the range for the free relative to the total amounts of tryptophan 
in plasma. Tagliamonte et al. (1973) reported 9.9 to 27% as the range, 
while Fernstrom (1976) stated that some 90% of serum tryptophan is 
normally associated with albumin. 
The sum of the other large neutral amino acids which use the same 
transport mechanism as tryptophan according to Blasberg and Lajtha 
(1965) was not related to dietary tryptophan in this experiment. In 
fact the ratio of free tryptophan to the five competing amino acids was 
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not affected by the amount of tryptophan the sows ingested. The ratio 
of the plasma total tryptophan to the plasma competitors increased 
linearly (P<=05) as dietary tryptophan increased. 
Brain tryptophan, expressed as milligrams per gram of wet tissue, 
illustrated a highly significant increase in response to dietary 
increases in tryptophan. These findings were similar to those of Wurtman 
and Fernstrom (1974) who demonstrated a physiological dependence of 
brain tryptophan upon dietary tryptophan. If brain serotonin is indeed 
influenced by the tryptophan content of the brain as Fernstrom and 
Wurtman (1974) suggested, then this experiment demonstrates that brain 
serotonin synthesis can be modified by altering the intake of tryptophan. 
The correlation coefficient of plasma free tryptophan regressed 
on brain tryptophan concentration was found to be .47, while plasma 
total tryptophan on brain tryptophan concentration was .71. Fernstrom 
et (1976) also stated that total, not free, serum tryptophan is 
the relevant index for predicting brain tryptophan concentrations. 
These researchers also found that the ratio of plasma total tryptophan 
to the sum of the competitors in plasma is a better predictor of 
brain tryptophan than the ratio which utilizes the free form of plasma 
tryptophan. In the present experiment correlation coefficients of .37 
and .72 for the ratio of plasma free tryptophan to the sum of competi­
tors and plasma total tryptophan to the sum of the competitors, respec­
tively, regressed on brain tryptophan were found. Fernstrom et al. 
(1976) also stated that the ratio involving plasma total tryptophan 
and the competitor amino acids was a better predictor of brain tryptophan 
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than plasma levels of total tryptophan alone. It is evident from the 
data presented here that plasma total tryptophan was equally as indica­
tive of brain tryptophan concentrations as the plasma ratio. 
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SUMMARY 
Twenty-five crossbred gilts were used in an experiment to determine 
the tryptophan requirement for reproduction. L-tryptophan was added to 
a fortified corn-gelatin diet to attain the five tryptophan levels of 
.64, 1.04, 1.44, 1.84, and 2.24 g per day. These diets were fed at 
the rate of 2 kg daily before mating and during pregnancy I and 1.82 
kg daily before mating and during pregnancies II and III. During each 
3 week lactation, all animals were fed the same 10% crude protein corn-
soybean meal-gelatin diet. Litter size and feed intake were standardized 
during both lactations. 
Five day nitrogen balance trials were initiated on day 45 and 
day 90 of pregnancies I and II. As dietary tryptophan increased, 
urinary nitrogen decreased and nitrogen retention increased linearly 
(P<.05). Similarly, plasma urea nitrogen decreased and plasma total 
tryptophan increased linearly (P<.005) as dietary tryptophan increased 
with inflections in the response curves beyond the 1.04 g per day 
tryptophan level. 
Litter weights and the number of embryos increased linearly 
(P<.01) with increasing dietary tryptophan. The number of days from 
weaning to estrus responded linearly (P<.005) and quadratically (P<.01) 
to dietary tryptophan. The optimum levels of dietary tryptophan for 
litter weights, number of embryos, and days to estrus were 2.24, 1.84, 
and 1.84 g per day, respectively. 
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Baby pig weight gains, sow milk yield, sow milk solids, and sow 
milk nitrogen increased linearly (P<.005) with increasing dietary 
tryptophan with maximums at 2.24, 1.44, 1.44, and 1.44 g per day, 
respectively. There were no differences in nitrogen retention among 
the treatments during day 15 to day 20 of lactation, but nitrogen 
retention less milk nitrogen was minimal for the sows fed 2.24 g of 
tryptophan per day. 
Sow weight gains during gestation and during the entire experiment 
increased linearly (P<.005) with increasing dietary tryptophan. Maximum 
gains were apparent at the 1.44 g per day level of tryptophan intake. 
All sows were slaughtered at 28+6 days of pregnancy III. Live 
weight at slaughter, hot carcass weight, loineye area, carcass backfat, 
carcass length, and estimated lean weight all responded linearly (P<.005) 
to increasing tryptophan. Live weight, hot carcass weight, and carcass 
yield were maximized at 1.44, 2.24, and 1.84 g of tryptophan per day. 
Optimum tryptophan intakes for carcass length, loineye area, and 
estimated lean weight were 1.44, 2.24, and 2.24 g per day, respectively. 
Considering all the parameters, it was concluded that 1.44 g of 
tryptophan per day satisfied the requirements for reproduction. When 
tryptophan is supplied by natural ingredients, a level of 1.53 g per 
day (.0765% at 2 kg/day) would meet the requirement. 
Plasma free and plasma total tryptophan and brain tryptophan 
increased linearly (P<.005) with increasing dietary tryptophan. As 
indicated by the correlation coefficients, plasma total tryptophan 
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was more highly related co brain tryptophan than were either plasma 
free tryptophan, the sum of the competitor amino acids, or the ratio 
of these measurements. 
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Table Al. Composition of gestation basai diet" 




Ground yellow corn 50.00 55.00 
Gelatin 7.50 8.25 
Dextrose 35.90 29.49 
Soybean oil 1.00 1.10 
Solkafloc 1.00 1.10 
Dicalcium phosphate (26% Ca, 18% P) 2.00 2.20 
Calcium carbonate (38% Ca) .55 .605 
Sodium chloride (iodized) .50 .55 
Vitamin premix 1.00 1.10 
Choline chloride (70%) .12 .132 
Trace mineral premix^ .05 .055 
Selenium premix .02 .022 
L-isoleucine .06 .066 
L-lysine HCl .03 .033 
Dl-methionine .05 .055 
L-threonine .05 .055 
L-valine .05 .055 
L-tryptophan^ — —  
L-glutamic acid .12 .132 
Total 100.00 100.000 
^The basai diet was calculated to contain 2872 kcal ME/kg for 
gestation 1 and 2853 kcal ME/kg for gestation 2. Chemical analysis 
indicated the basal diet to contain 9.7% crude protein. 
^Composition of vitamin premix shown in Table A5. 
'^Composition of trace mineral premix shown in table A6. 
^L-tryptophan added to provide (basal diet), 1.04, 1.44, 1.84, and 
2.24 g 1-tryptophan per day in the experimental diet. All diets were 
made isonitrogenous by glutamic acid inclusion. 
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Table A2. Daily intake of essential amino acids provided by the gesta­
tion basal diet 
Amino acid Corn Gelatin Added Total (g/day) 
Arginine 4.0 10.0 - 14.0 
Histidine 2.0 1.0 - 3.0 
Isoleucine 4.0 1.6 1.2 6.8 
Leucine 10.0 3.8 - 13.8 
Lysine 2.4 5.4 .50 8.3 
Methionine 1.8 1.0 1.0 3.8 
Cystine 1.6 .1 - 1.7 
Phenylalanine 4.0 2.6 - 6.6 
Tyrosine 4.0 .5 - 4.5 
Threonine 2.6 2.4 1.0 6.0 
Tryptophan .6 - - .6 
Valine 4.0 3.0 1.0 8.0 
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Table A3. Composition of lactation diet fed to all sows^'^ 
Ingredient Level 
Ground yellow corn 88.72 
Soybean meal (48%) 5.00 
Gelatin 2.50 
Dicalcium phosphate (26% Ca, 18% P) 1.75 
Calcium carbonate (38% Ca) .80 
Sodium chloride (iodized) .50 
Vitamin premix^ .50 
Trace mineral premix^ .05 
L-lysine HCl .13 
L-threonine .05 
Total 100.00 
^The lactation diet was calculated to contain 2842 kcal ME/kg. 
Chemical analysis indicated the diet to contain 10.1% crude protein. 
^4.04 kg/day during the first lactation and 4.76 kg/day fed 
during the second lactation. 
'^Composition of vitamin premix shown in table A5. 
'^Composition of trace mineral premix shown in table A6. 
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Table A4. Essential amino acid composition of lactation diet 














Table A5. Composition of vitamin premix^ 
Ingredient Quantity/kg of Quantity/kg of 
gestation diet lactation diet 
Vitamin A, lU 4409.0 2204.0 
Vitamin D2, lU 1102.0 551.0 
Riboflavin, mg 6.6 3.3 
Pantothenic acid, mg 17.6 8.8 
Niacin, mg 33.1 16.5 
Vitamin B12, mg 22.0 11.0 
Ethoxyquin, mg .4 .2 
^The vitamins are carried in 80% fine ground yellow corn. The 
nutrients contributed by the carrier were included in the diet formula­
tion. 
Table A6. Composition of trace mineral premix^ 
Element 
Percent Level in diet when 
in premix added at .05%, mg/kg 
Zinc 20.00 100.00 
Iron 10.00 50.00 
Manganese 5.50 27.50 
Copper 1.10 5.00 
Cobalt .10 .50 
Iodine .15 .75 
^Ingredients: 
iron oxide, copper 
calcium carbonate. 
zinc sulfate, ferrous sulfate, manganese sulfate, 
oxide, cobalt carbonate, calcium iodate, and 
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Table A7. Summary of gestation nitrogen metabolism as affected by 
tryptophan intake, g/day® 
Item 
.64b 1.04 1.44 1.84 2.24 
Nitrogen intake 35.6 31.1 31.1 31.1 31.1 
Fecal nitrogen 3.2 5.6 5.3 5.1 5.0 
Urine nitrogen 29.6 23.0 22.1 21.0 20.6 
Nitrogen retained 2.8 2.5 3.7 5.0 5.5 
N retained/N absorbed, % 8.5 9.8 14.3 19.2 21.1 
^Refer to table A8 for the statistical analysis. 
^Results from the supplementary study. 
retained/N absorbed = (N retained/(NI - FN)) 100. 
Table A8. Analysis of variance of nitrogen metabolism during gestation 
Mean squares 
Source d.f. Nitrogen Fecal Urine Nitrogen 
intake nitrogen nitrogen retained 
Treatment 3 .00 1.7 25.3 40.1 
Linear 1 • 00 5.0 73.9" 117.0" 
Quadratic 1 .00 .3 1.0 2.3 
Cubic 1 ,00 .0 1.0 1.0 
Replicate 4 .00 2.7 23.9 13.0 
Period 3 .03 3.9* 598.5*** 503.6*** 
Rep X trt 12 .00 2.6 15.1 21.5 
Period x trt 9 .00 .5 16.7 16.3 





Table A9. Summary of gestation nitrogen metabolism^ag affected by the 














Nitrogen intake 31.1 31.1 31.1 31.1 
Fecal nitrogen 5.6 5.7 4.8 4.9 
Urine nitrogen 16.4 17.6 26.3 26.5 
Nitrogen retained 9.1 7.8 0 -.3 
^Refer to table A8 for the statistical analysis. 
^Summary does not include data from sows fed the tryptophan 
deficient diet. 
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Table AlO. Summary of plasma total tryptophan and urea nitrogen during 
gestation as affected by tryptophan intake, mg/100 ml^*^^ 
Dietary tryptophan, g/day 
Item 
.64 1.04 1.44 1.84 2.24 
Tryptophan, after fast .54 .59 .74 1.00 1.28 
Tryptophan, postfeed .30 .43 .80 1.02 1.62 
Tryptophan, ratio^ .56 .73 1.08 1.02 1.27 
Urea nitrogen, after fast 11.2 9.0 8.2 8.8 6.5 
Urea nitrogen, postfeed 10.7 8.7 8.7 8.5 7.1 
Urea nitrogen, ratio^ .96 .97 1.06 1.04 1.09 
^Refer to table All for the statistical analysis. 
^Plasma collected after a 24 hour fast and 2 hours postfeeding. 
^Ratio = postfeed value/fasted value. 
Table All. Analysis of variance of plasma total tryptophan and urea 















Treatment 4 1.8*** 42.9* 4 6.2*** 32.6** 
Linear 1 6.7*** 130.9*** 1 23.3*** 102.4*** 
Quadratic 1 .4 1.7 1 1.0* .9 
Cubic 1 .0 33.1 1 .0 26.3 
Quartic 1 .0 5.8 1 .3 .6 
Replicate 4 .3 7.1 4 .1 4.7 
Period 3 .9*** 3.2 4 2.5*** 7.3* 
Rep X trt 16 .2 9.6 16 .2 6.5 
Period x trt 12 .2 2.8 16 .5*** 5.1 
Remainder 57 .1 4.1 74 .1 2.6 





Table A12. Summary of plasma total tryptophan and urea nitrogen as 








45 days 90 days 
postmate postmate 




Fast 1.11 .83 .66 .72 — 
Postfeed 1.22 .94 .35 .70 .98 
Urea nitrogen 
Fast 9.00 9.09 8.33 8.46 — 
Postfeed 9.22 9.26 7.96 8.86 8.36 
Plasma collected after a 24 hour fast and 2 hours postfeeding. 
^Refer to table All for the statistical analysis. 
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Table A13. Summary of reproductive performance as affected by 
tryptophan intake during gestation^ 
Item 
Dietary tryptophan, g/day 
.64 1.04 1.44 1.84 2.24 
Total pigs bom/litter 10.0 9.4 8.7 8.5 10.1 
Live pigs born/litter 7.9 8.0 8.0 8.1 9.1 
Total litter weight, kg 9.1 10.8 12.2 11.0 13.8 
Litter weight, live pigs, kg 7.4 9.2 11.3 10.6 12.5 
Days to estrus^ 37.0 27.5 8.9 6.1 15.5 
Total embryos 3.1 8.0 9.8 12.2 10.2 
Live embryos 3.1 7.6 9.0 11.1 9.2 
Corpora lutea 15.2 14.6 12.4 16.2 13.2 
^Refer to tables A14 and A15 for the statistical analysis. 
^Average days from weaning to estrus for parities II and III. 
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Table A14. Analysis of variance of reproductive performance 














Treatment 4 5.1 2.4 27.5* 35.3 
Linear 1 .2 5.9 79.9** 119.9** 
Quadratic 1 16.6 2.7 .1 4.3 
Cubic 1 3.5 .9 18.8 6.2 
Quartic 1 .1 .1 11.3 10.6 
Replicate 4 29.1** 18.8 49.6*** 35.3 
Parity 1 20.7 34.8 14.3 22.1 
Rep X trt 16 5.8 7.6 8.8 12.9 
Parity x trt 4 3.0 3.8 4.9 11.1 





Table Â15. Analysis of variance of fertility, ovulation rate, and 
fertilization rate 
Mean squares Mean squares 
Source d. f. Days to d. f. Total Live Corpora 
estrus embryos embryos lutea 
Treatment 4 1316.8*** 4 46.3* 34.6 11.5 
Linear 1 2955.7*** 1 125.2** 88.6* 2.2 
Quadratic 1 1792.4** 1 54.6 44.9 .4 
Cubic 1 404.9 1 .4 .2 13.7 
Quartic 1 114.1 1 5.0 4.9 29.5 
Replicate 4 434.1 4 25.5 25.2 25.9 
Parity 1 34.9 
Rep X trt 16 204.9 
Parity x trt 4 38.5 
Remainder 17 216.4 15 12.7 14.3 • 9.2 





Table A16. Summary of baby pig performance as affected by tryptophan 
intake during gestation, kg^ 
Item 
Dietary tryptophan, g/day 
.64 1.04 1.44 1.84 2.24 
Average weight gain/pig, 1st week .03 .38 .62 .61 .67 
Average weight gain/pig, 2nd week .29 .49 .76 .57 .93 
Average weight gain/pig, 3rd week .45 .70 .96 .74 1.21 
Total lactation gain/pig .77 1.57 2.34 1.92 2.81 
^Refer to table A17 for the statistical analysis. 
Table A17. Analysis of variance of baby pig performance 
Mean squares 
Source d.f. Gain Gain Gain Gain 
1st week 2nd week 3rd week total 
Treatment 4 .55*** ,48*** .65*** 4.68*** 
Linear 1 1=70*** 1.34*** 1.7S*** 14.42*** 
Quadratic 1 .42* .01 .00 .67 
Cubic 1 .03 .23* .43 1.71* 
Quartic 1 .04 .34* .38 1.92* 
Replicate 4 .06 .27*** .07 .82 
Parity 1 .24 .21 .25 .29 
Rep X trt 16 .06 .04 .10 .33 
Parity x trt 4 .02 .06 .04 .27 





Table A18. Summary of reproductive and baby pig performance as 




Total pigs bom/litter 10.0 8.7 
Live pigs bom/litter 9.1 7.4 
Total litter weight, kg 11.9 10.8 
Litter weight, live pigs, kg 10.7 9.5 
Days to estrus^ 18.1 19.9 
Average weight gain/pig, 1st week, kg .38 .54 
Average weight gain/pig, 2nd week, kg .68 .54 
Average weight gain/pig, 3rd week, kg .74 .89 
Total lactation gain/pig, kg 1.80 1.97 
^efer to tables A14, A15, and A17 for the statistical analysis. 
Includes data from second and third parities only. 
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Table A19. Summary of plasma total tryptophan and urea nitrogen 
during lactation as affected by tryptophan intake during 
gestation, mg/100 ml^»^ 
Item 
Dietary tryptophan. g/day 
.64 1.04 1.44 1.84 2.24 
Tryptophan .31 .42 .44 .41 .45 
Urea nitrogen 8.27 7.45 9.47 8.63 9.12 
^Plasma samples were collected 4 hours postfeeding. 
^Refer to table A20 for statistical analysis. 
Table A20. Analysis of variance of plasma total tryptophan and urea 
nitrogen during lactation 
Source d.f. Mean squares 
Tryptophan Urea nitrogen 
Treatment 4 .02 5.2 
Linear 1 .05 6.2 
Quadratic 1 .02 .2 
Cubic 1 .03 1.3 
Quartic 1 .0 13.1* 
Replicate 4 .02 4.9 
Parity 1 .08 13.4* 
Rep X trt 16 .03 2.0 
Parity x trt 4 .04 .2 




Table A21. Summary of plasma total tryptophan and urea nitrogen 
during lactation as affected by parity, mg/100 ml®-»^ 
Item Parity I Parity II 
Tryptophan .36 .45 
Urea nitrogen 7.99 9.18 
^Plasma samples were collected 4 hours postfeeding. 
^Refer to table A20 for statistical analysis. 
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Table A22. Summary of lactation nitrogen metabolism and sow milk yield 
as affected by tryptophan intake during gestation, g/day^ 
Item 
Dietary tryptophan. g/day 
.64 1.04 1.44 1.84 2.24 
Nitrogen intake 68.0 54.9 70.0 69.2 71.3 
Fecal nitrogen 10.3 7.8 11.1 9.1 9.4 
Urine nitrogen 24.6 24.9 28.0 28.3 26.3 
Nitrogen retained 33.1 22.2 30.9 31.8 35.6 
Milk nitrogen 18.2 28.2 37.0 32.6 35.7 
Nitrogen balance^ 14.9 -6.0 -6.2 — .8 -.1 
Milk solids, kg/day .47 .73 .88 .71 .84 
Milk yield, kg/day 2.5 3.3 4.7 3.8 4.5 
^Refer to table A23 for the statistical analysis. 
^Nitrogen balance = nitrogen retained - milk nitrogen. 
Table A23. Analysis of variance of lactation nitrogen metabolism and milk criteria 
Mean squares 




Urine Nitrogen Milk 







Treatment 4 364.5* 13.0 25.4 206.1 447.4*** 564.5** .201*** 6.8*** 
Linear 1 379.4 .2 35.9 193.4 1118.9*** 383.2 .350*** 15.4*** 
Quadratic 1 74.4 ,1 38.3 229.0 450.0* 1322.8*** .210* 3.8 
Cubic 1 475.0* 6.8 21.2 211.5 78.7 548.7* . 146* .8 
Quartic 1 529.3* 44.9 6.0 190.6 143.0 3.4 .099 7.0* 
Replicate 4 74.8 2.9 199.2 67.4 11.5 107.9 .011 .6 
Parity 1 2303.8*** 155.7** 905.6*** 28.8 1671.8*** 1264.6* .648* 16.0* 
Rep X trt 16 94.0 12.9 30.8 80.0 68.6 104.0 .027 1.0 
Parity x trt 4 7.0 16.6 31.8 4.4 88.0 126.5 .037 1.7 






Table A24. Summary of lactation nitrogen metabolism and sow milk yield 




Nitrogen intake 59.2 74.2 
Fecal nitrogen 7.6 11.5 
Urine nitrogen 21.7 31.1 
Nitrogen retained 29.9 31.6 
Milk nitrogen 23.9 36.8 
Nitrogen balance^ 6.0 -5.2 
Milk solids, kg/day .60 .85 
Milk yield, kg/day 3.1 4.4 
^efer to table A23 for the statistical analysis. 
"Nitrogen balance = nitrogen retained - milk nitrogen. 
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Table A25. Summary of sow weight changes as affected by the tryptophan 
intake during gestation, kg® 
Item 
Dietary tryptophan, %/day 
.64 1.04 1.44 1.84 2.24 
11.1 36.9 50.9 47.2 49.6 
- B 2 21.8 36.3 34.3 33.8 
-11.1 -27.8 -22.0 -19.1 -23.6 
-30.1 8.6 52.1 42.3 49.6 
Gross gestation gain 




Refer to table A26 for the statistical analysis. 
^Values cumulated over two reproductions. 
^Gross gestation gain = prepartum-mating weights. 
"^et gestation gain = postpartum-mating weights. 
^Lactation gain = weight at weaning (21 days) - postpartum weight, 
f 
Total gain = weight at slaughter - weight at onset of experiment. 
initially, sow weights averaged 109.0 kg. The range in weights 
was from 97 to 124 kg. 
Table A26. Analysis of variance of sow weight changes 
Mean squares 









d. f. Total 
gain 
Treatment 4 2352.2*** 2008.0*** 343.2 4 4075.7*** 
Linear 1 6227.5*** 5348.4*** 165.7 1 11521.6*** 
Quadratic 1 2733.9*** 2498.0*** 267.8 1 3570.6* 
Cubic 1 319.8 80.8 878.2* 1 63.8 
Quartic 1 127.6 104.7 61.3 1 1146.7 
Replicate 4 137.8 200.0 572.7* 4 479.4 
Parity 1 1033.0*** 503.8** 318.2** 
Rep X trt 16 103.2 86.3 152.2 
Parity x trt 4 161.1 74.4 43.9 











Gross gestation gain 43.8 34.5 
Net gestation gain^ 28.5 22.0 
Lactation gain^ -23.3 -18.1 
^efer to table A26 for the statistical analysis. 
^Gross gestation gain = prepartum - mating weights. 
^Net gestation gain = postpartum - mating weights. 
^Lactation gain = weight at weaning (21 days) - postpartum weight. 
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Table A28. Summary of carcass measurements as affected by tryptophan 
intake during gestation^ 
Item 
Dietary tryptophan, g/day 
.64 1.04 1.44 1.84 2.24 
Live weight, kg 88.7 123.6 160.7 154.6 159.6 
Hot carcass weight, kg 58.9 84.3 114.9 115.5 116.4 
Loineye area, sq. cm 23.1 35.5 36.7 37.1 44.3 
Carcass backfat, cm .6 2.2 3.0 3.4 3.0 
Carcass length, cm 85.9 88.7 97.9 94.7 93.4 
Carcass yield, % 66.4 68.2 71.5 74.7 72.9 
Estimated lean weight, kg 34.7 48.8 59.7 60.1 64.2 
^efer to table A29 for the statistical analysis. 
Table A29. Analysis of variance of carcass measurements 
Mean squares 
Source d. ,f. Live Carcass Lolneye Carcass Carcass Estimated 
weight weight weight weight length lean weight 
Treatment 4 4125.7*** 2826.5*** 246.5* 5.4*** 97.4*** 604.7*** 
Linear 1 12248.0*** 8894.4*** 794.9*** 15.0*** 193.4*** 2097.2*** 
Quadratic 1 3508.3*** 2093.9** 34.6 6.7* 123.7*** 270.0 
Cubic 1 41.6 11.1 155.9 .0 8.5 23.9 
Quartlc . 1 705.1 306.7 .4 .1 64.1* 27.5 
Replicate 4 696.3 435.2 88.4 1.0 51.0** 104.4 





Table A30. Summary of blood-brain transport of tryptophan as affected by tryptophan intake during 
gestation^ 
Item 
Dietary tryptophan. g/day 
. 64 1.04 1.44 1.84 2.24 
Plasma total tryptophan, mg/100 ml .41 .54 .95 1.46 2.20 
Plasma free tryptophan, mg/100 ml .11 .12 .11 .12 .24 
Plasma free: total tryptophan, % 25.7 26.1 13.9 8.4 11.4 
Sum of competitor amino acids, mg/100 ml^ 13.5 18.5 18.1 15.6 24.2 
Plasma total tryptophan: competitors, 3.41 2.95 6.76 10.12 10.29 
Plasma free tryptophan: competitors, .97 .77 .65 .79 1.05 
Brain tryptophan, mg/g 2.02 2.44 3.03 3.80 4.31 
^Refer to table A31 for the statistical analysis. 
^Competitor amino acids Include valine, isoleucine, leucine, phenylalanine, and tyrosine. 
Table A31. Analysis of variance of blood-brain transport of tryptophan 
Mean Squares 




























Treatment 4 2.52*** .015*** 316.6** 74.3 58.4 .13 4.07*** 
Linear 1 9.51*** .034*** 973.6*** 146.9 206.4* .04 16.13*** 
Quadratic 1 .57* .018** 58.2 11.0 .0 .47 .04 
Cubic 1 .00 .009 213.0 132.5 27.0 .00 .09 
Quartic 1 .01 .000 21.5 6.9 .3 .01 .01 
Replicate 4 .02 .000 70.7 56.9 5.9 .15 2.16*** 
Remainder 15 .12 .002 58.4 44.2 19.3 .11 .19 
Total 23  
*P .05. 
**P .01. 
***P .005. 
